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INTRODUCTION 
Over the past decade, water pollution control has pro­
gressed from an art to a science, or to what is now called 
water quality management. In the United States a growing 
population, increasing affluence, and expanding industry 
have placed new demands upon water resources aside from its 
fundamental role in the maintenance of human life. Rivers 
and streams in particular were exploited primarily for the 
economic gain of the resource user. Pollutants found in 
municipal sewage, industrial wastewaters, agricultural run­
of'f, and urban runof'f entered rivers and streams for years 
unnoticed by a disinterested populace. 
Finally, after the dangers of water pollution caught 
the public eye, the Water Quality Act of 1965 was passed. by 
the 89th Congress and signed into law by President Lyndon B. 
Johnson on October 2, 1965. The purpose of' the Act, Public 
Law 234, was to enhance the quality and value of water re­
sources, and to establish a national policy for the preven­
tion, control, and abatement of water pollution (1 ). In 
addition, this Act require s all states of the union to de­
velop water quality standards for the interstate surface 
waters within their boundaries, and to formulate a plan to 
implement and enforce these standards by June 30, 196? ( ·1) .. 
Having held the required public hearings, the State of 
South Dakota's Committee on Water Pollution adopted the 
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Water Quality Standards for the surface waters of South 
Dakota on February 1 6, 1967 (2). These standards were sub­
mitted to the Feder a l  Water Pollution Control Admin is tr a -
tion {FWPCA) , wh ich reviewed tl1e adop ted standards and sug­
gested certa i n modifications. On August 4, 1 967, the State 
Committee se nt a le tter 0f agreement in rela t ion to the 
FWPCA's modifications of the standards. On Augu st ? , 1967, 
the Se c ret ary of the Interior, Stewart Udall, informed Gov­
ernor Nils Boe that the standards ware off icial l y appro ved . 
Further amendments to the Wa ter Qual ity Standards were adop­
ted by South Dakota's Comm i ttee on Water Pollu t ion on Dec­
ember 5, 1 969, and. on De cember 11, 1970, and. the standards 
in thelr entirety were approved by the Administ rator of the 
EnviroLmental Pro tect ion Agency (EPA) on June 28, 1 971 (2). 
At this writing the E PA had proposed more revis i on s to be 
incorp orated in the State's Water Qual lty St andards . 
On July 2, 1970, regulations published in the Federal 
Reg i ster required th at any munic i pal treatment faci lity 
which rece i ved a sup porting Federal grant must be included 
in certain basin water quality management plans, the pur-
pose of these pl ans being: {3) 
1 .  To insure that the mas s iv e investment to wh ich the 
Federal Government is commi tted will proceed in an 
orderly fa shion ; 
2. To make sure this investment will be supplemented 
by actions to abate other sources· of' pollution; and 
). To see that the investment will ach i eve maximum 
protect i on and enhancement o!� water qual i ty. 
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States and. local communities were given the primary respon­
sibili ty for water pollut ion control and the planning ef­
fort, whereas the Federa l  ro le in the wat er quality manage­
ment was suppor t, gui dance, and evaluation. According to 
the regulat ions, bas in water quality manag ement plans were 
to be compl eted by July 1, 1973 with prov ision s made for 
i n terim planning efforts. 
The purpose of a bas in water qual ity man agement plan 
was to def ine a basin-wide program to manage water quality 
and an implementa t ion strategy which has a high probabil ity 
of succ ess. A basin plan should prov ide an overview of all 
related land and water resources of the b asin. The water 
qual ity managemen t strat e gy of the basin plan will general­
l y  includ e : a discussion of the location, geography, and 
hydrol ogy of the b asin ; a social and. e c onomic analysis of 
land use, population, industr ial development, and. agricul­
ture as these may affect the water resource; the location, 
identification, an d quantification of waste load. inputs by 
point sources; the identification of non - poin t sources; the 
allocation of the available waste carrying capacity or the 
receiving water to these v arious point and non-point· 
sources; a d is cus sion of wa ter uses, water quality levels, 
and quanti ty crite ria; and a tactical s olution to the pro­
posed n e eds and requirements of the basin. With properly 
prepared basin plans, each state will be required to meet 
water quality n ta.ndards not later than July 1 , 197'7 (4). 
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Tne long range national goal will be the elimination of the 
discharge of pollutants into surface waters by 1985 (4). 
For the purposes of water quality management planning, 
the South Dakota Committee on Water Pollution has divided 
the State into seven major hydrologic basins as shown in 
Figure 1 .  'l'h.is paper deals with the development of a water 
quality management strategy for the Big Sioux Basin lo­
cated in eastern South Dakota . The first step in the de­
velopment of a strategy is the collection and review of all 
available literature and data for the basin. From this in­
formation a physical description of the basin with regard 
to location, geology, climate, and hydrology can be made. 
Also, in:formation on the history, population, economy and 
development of the basin should be included.. Comparisons 
of available surface water quality data of the basin to 
existing surface water quality standards should be made 
to judge the overall surface water quality, and perhaps 
exphasize problem areas. Point source loads and locations 
should be inventoried £or the basin, and if possible, non­
point squrces identiried. Based upon the above mentioned 
literature and data collections, conclusions and recommen­
dations should be proposed with regard to the needs and 
requirements of the basin. 
N1 
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Figure 1 :  Se ven major hydrologic basins in Sou th Dakota. 
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LITERATURE REVIEW 
South Dakota Surface Water Quality Standards 
The South Dakota Committee on Water Pollution, with 
the assistance of the South Dakota Department of Health, 
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the Federal Water Pollution Control Administration, and the 
Environmental Protection Agency, developed and published 
surface water quality standards for the state of South 
Dakota in compliance with the Water Quality Act of 1965. 
The framework of South Dakota's standards are based on five 
considerations: natural water quality; important pollutants; 
existing and potential beneficial uses; enforcement prob­
lems; and Federal requirements (2). A more detailed dis­
cussion on these considerations will be made in the follow­
ing sections, applying them to the Big Sioux River. This 
section will discuss the general ideas in the standards. 
Extreme fluctuations in stream flow and the geology of 
the river basins cause the natural water quality of most 
South Dakota streams to vary. Cation� such as calciwn, mag­
nesium, sodium, and potassium, along wi tn anions such as 
bicarbonate, sulfate , and chloride are present. in all sur­
face waters. Calcium and magnesiurn combined. with carbonates 
and bicarbonates are most abundant during high flows ( 2). 
Predominant during low flows are sodium in combination with 
su Lrates and chlorides. Hardness of 500 mg/1 or more is not 
unusual ror the rivers of the state, and suspended solids 
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concentrations usually in excess of 20,000 mg/1, may exceed 
50,000 mg/ 1 during h i gh flows in river tributaries (2). 
The fact that surface water qual ity records (16) show that 
most waters of the state are undesirable for i rrigation, 
domestic and industrial water s upplies, could be a reflec­
tion of the poor natural water quality of South Dakota's 
surface waters. 
The pr incipal sources of stream pollution in South 
Dakota are derived from natural, municipal, i ndustr ial, and 
agricultural wa s tes. As shown in Table I, municipal wastes 
contribute organic oxygen-consuming materials, pathogenic 
organisms, suspended. s ol i ds ,  dis solved solids, nontoxic 
chemical salts, and various mnterials which create a nui­
sance. I ndustrial wastes in South Dakota are derived pri­
marily from dairy operations, meat proce ssing plants, and 
mining activities. These industr ies contribute large a­
mounts of organic oxygen-consuming materials , grease, sus­
pended solids, toxic and nontoxic chemicals , acids, and 
alkalies. Drainage from feedlots and barnyards along with 
the use of pes ticides and fertilizers make agricultural 
wastes diff icult to control. Again, organic oxygen-consum­
ing material s, silt, nontoxic chemicals , and dissolved 
solids are among the waste materials which rind their way 
to streams. The pollution parameters listed in Table I 
were given detailed s tudy in the development of water quali­
ty criteria for South Dakota. 
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Table I: POLLUTANTS AND IMPORTANT SOURCES IN SOUTH DAKOTA 
(2) 
Pollutant Natural Municipal Ind.us trial Agricultural 
Acids x 
Ammonia x x x 
Arsenic x 
BOD x x x x 
C admium x x 
Chlorides x x x x 
Chlorine x x 
Chromium x 
C oliforms & x x 
Pathogens 
Color x x x x 
Cyanides x 
Dis s o lved x x x x 
S o lids 
Fl oat ing solids x x x x 
Fluoride s  x x x 
H ardne s s x 
Iron x x 
Lead x 
M agnesium x 
M e rcury x x x 
Nitrogen x x x x 
Odor x x x x 
Oil x x x 
Pesticides x 
Phen ols x x 
Pho spha t es x x x x 
RadiQl ogical x x 
Selenium x 
Silver x 
SodiUt11 x x 
Sulfur x 
Suspended so l ids x x x x 
Temperature x x x x 
Turbid i ty x x x x 
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South Dakota's surface water quality standards estab­
lished seven beneficial use ca tegories for lakes and water 
courses , both interstate and intrastate, as follows: Dom­
estic Water Supply , Fish Life Propagation , Recrea tion, Wild­
life Prcpagation and S tock Wat ering, Irriga tion , Commerce 
and Industry , and Intermittent Stream. Due to varying 
quality ,  flows , and cost of tre atment, it is doubtful 
whether surface waters, except for the Missouri River, will 
be developed extensively for new domestic water supplies. 
Waters suitable for fish life propagation were further 
subdivided into five cla s ses as follows: cold water perma­
nent , cold water marginal, warm water permanent, warm water 
semipermanent, and warm water marginal. These subcategories 
are based on water temperature and type of fish life each 
will support. Waters for which fish life propag a tion is a 
beneficial use are also des igna ted for re creational use 
since water cannot be used for recreation if it is not 
suitable for fish life. Recreational use is broken down 
into two subcategories: immersion sports , and limited 
contact recre a t ion. 
Since South Dakota is primarily an agricultural state ,  
all sur�ace waters are used to some extent £or irrigation, 
stock watering and wildlife propagation. Due to the high 
concentrat ion s of dissolved solids, chlorides, sulfat es , 
sodium, and alkalinity, some of the surfac e waters of the 
sta te are not su itable for irrigation use ( 2 ) . 
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The in t ermit tent stream category was in cluded in the 
st andards as a b en eficial use due to the fac t  that many 
streams in South Dako t a  exhibit zero flow, or flows less 
than the average pollutional discharge at  c ertain times of 
the year . Thus, this category is re s trictive ra ther than 
permis sive sin c e  it re quire s all p olluters to use the high­
est prac tic al degre e  of tre atment without respect to dilu­
tion in order to p revent a nuisanc e  in the stream. Along 
with the frequen cy of in termitt en t s tream flows , h igh sul-
fates ,  chlorides , dis solved solids , and general p oor wat er 
quality make most surface waters in South Dakota un suitable 
for commerc e  and indu s try us es . 
The role of wat er quali ty criteria in the enforcement 
pro c e s s  i s  not to reduc e pollut ion , but merely to provide 
legally establi shed limi t s  for pollutional mate"Ylials which 
affe ct the b ene f icial us es of water (2). The discharge of 
pollut ional mat erial s to the wat er in amounts which exceed 
the limit s sp ecifi ed in the crit eria is a cause for enforce-
ment act ion; but due to the lack of ad.equ a te lab oratory 
fac ilit ies  and trained per s onn e l  to run w a ter quali ty te sts ,  
enforcement is no t comple t e . One important aspect of the 
s t andards i s  provide d in the enforcement provisions a s  
follows ( 2): 
"Waters who se exi sting quality i s  bette1" than the 
es tab l i shed s tandards as of the date on which such 
standards become e ffe cti ve will be maintained at this 
high quality unless it has been affir111atively demon­
s trat ed to the s tate that a change i s  justifiabl e as 
1 1  
a result of n ecessary e conomic o r  s c ial development 
whi ch would const itute  a new source of p ollu t ion or an 
incre ase d sour ce of pol lut i on to h igh quality waters 
wi ll be re qu ire d to p rov ide the necessary degre e  of 
was t e  treatment to maintain high water quality . In im­
p l ement ing th is policy, the Administrator of the Envir­
onmental Prot ection Agency wil l  be kept adv ise d and 
will be provided with such information as he w i l l  ne ed 
to di s charge his responsibilities under the Federal 
Wat er Pollut ion Control A c t , as amended.tr 
Testing and laboratory procedures t o  determine conformity to 
the cri teria established in the standards are to b e  made ac-
cord ing to the me thods g iven in the latest e dition of 
... 
"S tandard Me thods for the Examin a tion of Wat er and Waste-
wat er," publ ished b y  the American Public He alth Ass ociation . 
The Federal Government require s that the st andards of 
wat e r  qual ity for the surface waters of South Dakot a  must be 
acce p t ab l e  to the Env ironmental Protection Agency since the 
main st e ms of all str e ams , exce p t  the More au, Bad, and Ver-
mi l l i on riv ers, are class ified as interst a t e . Sou th 
Dakota's standards were deve lop ed to c o incide with an En­
vi ronmen tal Protect ion Agency publication ent i tled "Guide­
l ines for Establishing Water Quality Standards for Int e r­
state Wat e rs," issue d in May, 1966. 
. . . . 
The South Dako ta suri'ace wat e r  quality standards for the 
various pollution parameter s are stream sta..'"1.dards rather 
than effluent s t andards . The stream-standard s ystem is 
based on the estab l ishment of cl assifications or standards 
of quality for a stre am , and the regulation of any discharge 
into it to the ext ent· necessary t o  maintain the established 
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stre am class i f i c ati on or quality (5-55). Adoption o f  
e ffluent standards would have re quired that waste effluents 
entering the stream be maintained below a certa in limiting 
concentration of polluting matter. The effluent-standards 
system is the easier of the two to control in a highly de­
veloped , exp anding industrial area due to the convenience 
with wh ich a p o in t  source of pollution can be controlled. 
Although stream s tandards are the most realis t i c in l ight 
of use of the assimilative capacity of the rece iving water, 
they are difficult to administer and control in an expanding 
industrial and urban area (6-3) . Since South Dakota is 
pr imarily a rural state without a gre at deal of industrial 
expansion, stream standards might be be tte r suited to con­
trol point as well as nonpoint sources of pollution. 
In a letter to S outh Dakota Governor Richard Kneip 
dated January 1 8, 1 973, officials from the Environmental 
Protection Agency sent water quality standards provisions 
for eventual inco_rporation into the state's standards, along 
with certain changes in the standards not yet subject to 
Federal promulgation. Attachment A from the Environmental 
Protection Agency requested a review of South Dakota's gen­
eral water quality criteria. It also c al led for the es tab­
lishment of two general categories of wat er uses: Class A 
Waters and Class B Waters. Attachment B de alt with the def­
inition and criteria applying to the util i z ation of a mixing 
zone. It also suggested that a policy statement be adopted 
in regard to phosporous levels in surface waters. These 
attachments will be discussed in greate r detail in a sub­
sequent section. 
Iowa Surface Water Quality Standards 
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The Iowa Water Pollution Control Commission adopted 
updated surface water quality standards on De c ember 29, 
1971. The general poli cy considerations state that surface 
waters are to be evaluated according to their ability to 
support legitimate or beneficial uses to which they can be 
feasibly adapted (7). Sampling to determine conformance to 
the water quality criteria is done at sufficient distances 
downstream from waste discharge points to permit adequate 
mixing of waste effluents with the surface waters (7). Gen­
eral criteria applicable to all surface wat ers at any time 
insure that municipal, industrial, or other discharges are 
not responsible for putrescent or objectionable sludge de­
posits, floating materials, colors and odors, or pollutants 
which are detrimental to human, animal, industrial, agr icul­
tural, recreational, aquatic, or other legitimate use of 
water. 
Specifically, water quality criteria are divided. among 
three· major beneficial uses: Public Water Supply, Aquatic 
Life, and Recreation. Parameter limits included. in the Iowa 
Surface W ater Quality Standards will be d iscus s e d. in greater· 
detail in a subsequent section. The criteria for surface 
water quality that apply to the point at wh ich water is with-
315252 
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drawn fo1� treatment and distribution for the public water 
supply are bacteria, radioactive sub stances , and certain · 
toxic or detrimental chemical constituen ts . The finished 
water quality after conventional water trea tment mu st meet 
existing U .  s. Public Heal th Servi c e  Drinking Water Stand­
ards. Cr iteria designed for the propagation and maintenance 
"Of aquat i c life varies, dep ending upon whether the water is 
in a warm wat er area or a cold water a rea . Chemical con­
sti tuent limits app lying to bo th warm and co l d  water areas 
are also given. Rec reation , the las t beneficial use, in­
cludes criteria applicable to any wate r s used for activi­
ties involv ing who l e  body con tact, such as swimm ing and 
water skiing. The only limi ting criteria in this beneficial 
use category i s  that of bacteriological quality. 
The Iowa standards call .for continuous disinfection of 
any was te e ffluent whi ch may be a source of bacterial pollu­
tion throughout the year . This applies to waters designated 
ror public water supplies and. throughout the recreational· 
sea s on ( April 1 to Octob e r  31) where bacterial pollution may 
endanger the public heal th or welfare. 
A non-degr�adation claus e  is also .found in the Iowa 
standards stating that any waters of the s tat e which have 
better existing wat er qual ity than re quired by the standards 
mus t  be maint a ined at that higher quality. The Iowa Sur.face 
Water Quality Standards are als o  ba sed on stream standards, 
a s  are the South Dakota standards. 
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Related Studies 
At the time in which the approval of the Water Quality 
Standards for the Surface Waters of South Dakota was still 
pending, studies were being conducte d  by Herreid to deter­
mine the imp act of the surface water quality standards on 
the Big Sioux River immediately downstream from Sioux Falls, 
South Dakota (8). Par ticular emphasis was given to the 
effects of the was t ewa ter tre atment processes on the actual 
water quality in the river. Herreid showed that with the 
exception of total coliform count, the water quality at the 
Brandon, South Dakota sampling s t ation was within the lim­
it s established in the s tandards . He also demonstrated that 
the river would be cl assified in the intermittent stream 
category of the South Dakota Surface Water Quality Standards 
for a significant portion of the time , and that the frequen­
cy of this classification was likely to increase in the fu­
ture (8-53). Since low flows and poor water quality were 
potent ial problems in the river, Herreid. recommended that 
suf.ficient high quality dilution water from proposed reser­
voir s upstream on the Big Sioux River and on Skunk Creek be 
provided io avoid this problem. 
After Her•reid completed. his appraisal, an addendum was 
attached to the standards changing the minimum dissolved 
oxygen requirement £ram 2.0 to 4.0 milligrams per liter. 
Subsequently, Naughton s tudied dissolved oxygen concentra­
tion with relation to flow, temperature and BOD £or the same 
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area of the S ioux River below Sioux Fal l s , and found tha t 
the d i s s olved oxygen concentrat ion fre quen t ly violated the 
n ew s t andard (9-50 ) .  
Concurren t ly , Fo l ey conduc ted an an al y s i s  of the pol ­
lution p oten t ial of feedlot s along the B i g  S i oux R i v e r  
( 10) . Foley ' s  s tudie s were divided in to thre e pha ses . The 
f ir s t  phase c ons i s ted of samp l ing and analy z ing feedlot 
runoff at a selected fe e dl o t  n e ar a s tream and app lying 
the r e s u l t s  t o  other fee dlot s in the S ioux R i ver Bas in . 
The second pha se w a s  an ae r i al survey of the Big . S ioux R iv ­
e r  from Wa t e r t o wn  to S ioux Fa l l s in order t o  l o c a t e  and 
de s c r i b e fe e d lot s a long the r i ve r .  The third phase was an 
analy sis of c l im a t o l og i c a l dat a to de t e rm i n e  the number of 
run o f f - p r o du c ing r a in s  f a l l ing on feedlot s and the p re va i l ­
ing temper a ture s when th i s  run off oc curred . Fo ley found 
tha t the amoun t o f  BOD whi ch was con tributed to the r iv e r  
by fee dlo t s  l o c ated along the river b anks dur ing the mon ths 
of Apr i l  through O c tober exc lusive of spr ing runoff w a s  rel ­
a t i v e ly in s ign ifi c an t  in terms of BOD normally p resen t in 
the water ( 1 0 -59 ) .  
Ano the r inve s t ig a t ion of the B i g  S i oux R i v e r  wa s a Wa­
t e r  Qua l i ty C on tro l S tudy con duc t e d by the Fe d e r a l  Wa t er 
Po l lu t i on Con t r o l  A dm in i s t ra t i on in S e p t e mb e r  of 1 96 9  ( 1 1 ) . 
The purp o s e o f  th i s  s tudy was to de t e rm in e  the p re s en t and 
futur e needs and v a lue of s t o r ag e  for s t r e am fl ow r e gu l a t i on 
for the purp o s e  o f  qua l i t y con t r o l  i n  the B i g  S i oux R iver 
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Ba s in cover ing a p eriod from 1 97 0  to 2070 . C on c lus ions 
re ache d by the s tudy were tha t r e l e a s e s  from wat er s torage 
re s e rv o i r s  up s tre am of the c i ty of S i oux Fal l s  wi l l  be re ­
qui re d by the y e ar 2070 to pro v i de an ave rage 4 . 0 m i l l i ­
gram s  p e r  l i t er of di s s o lved oxygen and a min imum flow o f  
1 40 cub i c  fe e t  p er s e cond during the mon th o f  maximum de ­
mand . A l t ern a t i v e s  to the mul t ipurpo s e  re s e rvo ir , such as  
ho l d i ng p onds , p ip ing the wa s te effluent ou t of the b a s in , 
s ingl e purp o s e  r e s ervo irs , and adv anc e d. ·w a s t e  tre atment of 
S i oux Fal l s '  was t e s were s tudi e d .  The u s e  of adv anced 
tre atmen t me tho d s  w a s  de emed the mo s t  e conomi c a l  al tern a ­
t ive . 
An In t e r im B a s in P l a.Yl for the Big S ioux R i ver Ba s in 
(3)  was p rep ared by the South Dako ta Com i t te e on Wa ter 
P o l l u t i on on June 21 , 1 9 7 1  in c o operat ion wi th the F e d e r a l  
prov i s ion s s e t  out for in terim p l an s . Thi s r eport di s cus s ed 
the was t e  t re atmen t prob l ems of nume rous sma l l  c i tie s in the 
Big S i oux R iver Ba s i n wh i ch were exp e c t e d  to submi t grant 
app l i c at i on s for c on s t ruc t i on of wa s te t r e a tmen t f a c i l iti e s  
l n  the ne ar futur e . I t  wa s b e l i e v e d  that agr i cul tural run­
off and w a s t e s  £rom cat t l e  fe e ding op erat ion s  were s ignifi ­
c ant p o l lu t ion s ourc e s  in the b a s in , but the i r  rel a t ive im­
p ac t  c oul d on ly b e  e s t imated at the t ime of thi s  report . 
Thi s p l an al s o iden t ified four p o s s ib l e  p o l lut ion s our c e s  
a s  munic ip al , agr i cul tural , indu s t r i a l , and op en dump 
groun d s . D i s charg e s  from 21  commun i t i e s  we re judge d to hav e  
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a de f in i t e  d e grad ing effe c t  up on the p l ann ing are a .  The 
indu s t r i e s :>f S l ou.x Fall � were in c lude d in i t s  own mun i c i ­
pal p l an ( 1 3 - E ) . 
The L imn o l ogy D i v i s i on of the I owa S t a t e Hyg i en i c  Lab ­
orat ory r ep or t e d  on the p o l lut i on o f  the I ow a  r e a ch of the 
Big S i oux R i v e r  in the s p r ing of 1 97 2  (' 1 4 ) . The r ep o r t  
foun d th a t  mo r e  than 75 mi l e s  of the upp e r  I owa r e ach were 
b e ing s e v e r e l y  p o l lu t e d  by w a s t e s o r i g in a t ing from S i oux 
Fal l s , S ou th D ako t a  ( 1 4- 1 3 ) . Th e I owa S t a t e Wa t e r  Qua l i ty 
S t an d ard s f o r  'di s s o l v e d  oxygen were v i o l a t e d throughou t the 
upp e r  47 m i l e s o f  the I owa r e a ch of the r i v e r , and tha 
s t an d ard s fo r ammon i a -n i trogen were v i o l a t e d  throughou t the 
15 m i l e s surv e y e d . The r i v e r  wa s s amp l e d  on Fe b ruary 28 
and 29 o f  1 97 2  • . Addi t i on a l  wa s t e wa t e r  t r e a tmen t s p e c i f i ­
c a l ly f o r  the r emov a l  o f  �"Tlmon i a  and r e s i du a l  c arb on a c e ou s  
m a t e r i a l  wa s r e commende d f o r  the c i ty of S i ou x  Fa l l s  t o  
pro t e c t  w a t er qua l i ty in the r i v er ( 1 4- 1 4 ) . 
S tuden t s  from S i oux Fal l s  C o l l ege in S i oux Fal l s , Sou th 
D ak o t a  pub l i she d the fir s t  pha s e  of a two - ph a s e  En v i ronmen t ­
a l  An al y s i s  o f  the Big S i oux R i v e r  ( 1 5 )  dur ing the summe r _ 
of 1 97 2. In pha s e on e o f  the repor t , i t  w a s  c on c lude d that 
the was t e s  o r i g in a t ing from the S i oux Fal l s W a s t ewa t e r  
Tre a tme n t  P l an t  c au s e d  fe c al c o l i forms l e v e l s  t o  e x c e e d  a c ­
c ep t ab l e l e v e l s  in the r i v e r  be l ow S i oux Fa l l s  ( 1 5 - 1 7 ) . To ­
t al c o l i form c on c entrat i on s we r e  s a i d  t o  b e  l ar g e  enough 
throughou t the r i v e r  to indi c a t e  a h i gh p ro b ab i l i ty o f the 
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e xi s t an c e  of a h e a l th ha z ard . Te s t s fo r phas e one we re 
t ak en from June 1 9  to Augu s t  8 .  Pha s e  t wo of the s t udy 
wou l d  in ve s t ig a t e  the imp a c t  of wa s t e s  o r i g in a t ing a t  S i oux 
Fal l s  upon the en v i ronme n t a l  sy s t em ( 1 5 - 3 ) . 
S ou r c e s  o f  D a t a  
In th e p as t ,  da t a  such a s  f l ow r at e s ,  wa t e r  qua l i ty , 
and amoun t s  of p o l luting ma t ·t e r  in t ro d u c e d  in t o the B i g  
S ioux R i v e r hav e  b e en ga the red b y  agen c i e s  such a s  the En­
v i ronmen t a l Pro t e c t i on Ag en cy , Unit ed S t at e s G e ol og i c a l Sur­
vey , Co rp s o f Eng in e e r s , and the S t a t e  He al th Dep artment . 
The d a t a  the s e  group s a c qu i r ed w e r e  pub l i she d s ep ar a t e ly 
and s e l dom c on s i de r e d  toge ther . Now da t a  from the s e  four 
and o the r unpub l i sh e d  s our c e s are b rought toge the r in the 
S t or e t  Compu t e r  Sy s t em ( 1 6 )  whi ch ha s a t e rm in a l  for the 
Stat e He al th D ep ar tmen t  in P ie rr e, South D ako t a . S tore t i a  
a s t or ag e an d r e t r i e val s y s tem whi ch s ep a rat e s  the wa t e r  
qu al i ty d at a  f o r  e a ch s amp l ing s t at ion and b r e aks i t  down 
fo r e a ch p arame t e r  in t o  the numb e r  o f  s amp l e s taken, the 
ge om e t r i c m e an , v ar i an c e , and s t and aJ•d de v i a t i on , and 'the 
maximtrrn and m in imum . The d a t e s tha t  s amp l ing b egan an d 
e n ded. ar e a l s o  in c lude d for e a ch p ar ame t e r . 
D a t a  for 23 s amp l ing s t a t i on s  in the Big S i oux R iver 
B a s in .from N o r th S i oux C i ty to Wa t e r t own are c omp i l e d.  in the 
S to r e t s y s t em .  Th e r e  i s  no r e al un i.fo rm i ty · among the s am_. 
p l ing s t a t i on s as to p ar ame t e r s  s amp l e d , numb e r or s a mp l e s 
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t aken , o r when s amp l ing s t ar t e d. .  The Big S i oux R ive r S t a­
t ion b e l ow S ioux Fal l s is the o l d.e s t  s t a t ion , wi th s amp l e s  
taken beg inn ing i n  1 961 and numbering ov e r 300 fer some 
p ar ame t e rs . S amp l e s  yi e lding about 1 40 v ar i ou s  p ar ame t er s 
are now taken at thi s s t at ion ,  mak ing i t  the mo s t product ive 
in d a t a  or a l l  the s amp l ing s t a t i on s . Mo re than hal f of the 
s amp l ing s t a t ions are r e l a t i v e l y  new an d. the p ar ame t e r  v a l ­
ue s for the s e  s ta t ion s b a s e d  on fewer than thre e s amp l e s . 
The data from S toret  us e d i n  thi s s tudy were re tr i e ved on 
Augus t 8 ,  1 971 . 
Op erat ional records from O c t ob er , 1 9 7 0  to S ep t emb e r , 
197 2 �or the Wat ertown was t ewa t e r  treatment p l ant and four 
y e ar s  of d a t a  on fe c al c o l i f orms in the B i g S i oux R i ver 
ab o v e  and b e l ow Wa te rtown were ob t a in e d  ( 1 7 ) . The mon thly 
rep o r t s from the t r e a tment p l an t gav e a ve rage , maximum , and 
min imum da ily f l ows a l ong with an aly s e s  of BOD , suspende d 
solids and s e t t l e ab l e  s o l i d s  through the p l an t . Wa t e r town 
wa s su sp e c t e d t o  b e one o f  the ma j or c on tr i bu t o r s of p o l lu­
t ion flow in the n o r the rn part of the B i g  S i oux R i v e r .  
Another potential source of p o l lu t i on i n  the Big S i oux 
R iv e r  Ba sin is th e  c i ty of Brook ing s ,  l o c a t e d  on S ix M i l e  
C re ek .  D a t a  from .four s ampl ing p o in t s , a b o v e  and b e l o w  the 
tr e atmen t  p l an t , and ab o ve and below the mou th o .f  Six M i l e  
Cre e k , were o b t a in e d  from the S t a t e  Health De p artmen t .for 
the y e ar 1 97 2  ( 1 8 ) . P ar ame t e r s evaluated in.e lude d  d i s s o l v ­
e d o xygen , BOD , p H , t empera ture , fe c al c o l :i . .f o rm s , and sus -
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p ended s o l i ds . 
The c i ty of Fl andreau , l o c a t e d on the Big S i oux River ,  
al s o col l e c t s  s amp l e s up s t r e am ,  a t  the outfal l ,  and. down 
s tre am from i t s s ewage t i--e a tment p l an t ( 1 9 ) . Dat a  for tem­
p erature , pH , B OD , di s s o l v e d  oxygen , chl o r ine , and fec al 
c ol iform s were o b tain e d from May , 1 97 1  to N o vemb e r , 1 972. 
The l arge s t  contributor of p o l lu t ion t o  the B i g  Sioux 
R iv er i s  S ioux Fal l s .  Op erat i on a l  re cord s for the S i oux 
F al l s  w a stewat e r  tr e atment plant from O ctob e r , 1 97 0  to Sep ­
t emb e r , 1 97 2  w e re m ade available, along with w a t e r  qu a l ity 
da t a  for nine s amp l ing s t a t i on s  from S i oux Fall s t o  Kl ondike 
( 20 ) . The s e  d a t a  gave informa tion c on c e rn ing the p ol lut ion 
po t en t ial of th e p l an t  effluent an d o ther p o t en t i a l  s ources 
in the Sioux F1 al l s  area . Water qu al i t y  p arame t e rs s amp l e d  
in c luded tota l c o l i forms , d i s s o l v e d  o xyge n ,  r iv e -day BOD , 
an d. o the r s . S i oux Fal l s  s e wage tre a tmen t  p l ant e f.t"'lue n t  was 
s ampled r o r  sus p e n de d  s o l i ds , f i v e - day BOD , and to t al c o l i ­
form s . Flow data .from the treatmen t p l an t  w e r e  al s o  u t i ­
l i z e d  in thi s s tudy . 
O the r smal ler c i t i e s  al ong the B ig S i oux R i v e r  con t r i ­
buted smal l amount s of wa t e r  quality dat a  and tr e a tment 
p l ant op e r a t ion a l  data . In March , 1 9 7 2 ,  Hud s on , Sou th Da­
k o t a  wa s inv e s t i g a t e d  by the Environme n tal P ro t e c t i on Agency 
( 21 ) . The c i ty had b e en d i s charg ing raw s ewage in t o  the Big 
S i oux R i ver . The Environmen t al P ro t e c t ion Ag e n cy , u s ing 
n ine s ainpl ing s t a t i on s , s urvey e d  the river for fe c al col i -
forms from February 26 to Mar ch 1 .  L imi t e d  dat a were al s o  
taken o n  the raw s ewage effluent . 
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INFORMATION ON THE BI G S I OUX R I VER BAS I N  
Ba s in De s c r ipt i o� 
The Big S i oux R i v e r  B a. s in , shown in Flgur e 2 ,  i s  l o ­
c a t e d  i n  the e a 3 t e rn S ou th Dako t a , s ou thwe s t e rn M inn e s o t a , 
and nor thwe s t e rn Iowa . The b a s in con t a i n s  a l l , o r  p ar t s 
of 1 !� e a s t e rn S o uth Dako t a  c oun t i e s , f i �./ e  c oun t i e s in M inn e ­
s o t a , and four I owa cou..'1.t i e s  ( 22-2) . I t, i s  ab out, 21 O mi l e s  
l ong an d  ab out 7 5  mi l e s  w :i de a t  i t s  w i de s t  p o in t and h a s  a 
dr a in ag e  are a o f  a b ou t  9 , 570  s quare rn i. l e �i , of wh i ch 6 9  p e r ­
c en t  i s  wi th in S ou th Dakota , 1 6  p e:e c ent in Minn e s o t a , and 
1 5  p e r c en t  in I owa ( 23 - 2 ) .  A c c ording t o  the Un i t e d  S t a t e s  
G eo l og i c al Surv ey , 1 , 9 7 0  s quare mil e s o f  the t o t a l  b B.s  ln 
are a d.o no t c on t r i bu t e  run o f f  0 11 drainage of any k ind t o  
the B ig S ioux R i v e r  ( 22-4 ) . 
The B i g  S i oux R i v e r  i s  a s h al l o w ,  t urb i d  r i v e r  o r i g i n a ­
t ing from a ma z e  o f  in t e r•m i t t en t  s tr e am s  i n  s outhw e s t e :i."n 
Rob e r t s  C oun ty , an d :Cl ewing s ou thwa rd for s om e  JSO mi l e s  t o  
i t s  conflue n c e  wi th the M i s s ouri R i v e r  a t  S i oux C .i. t y , I owa . 
The r i v e r  form s  the b oundary b e tw e en S ou th D ako t a  a nd I owa , 
b e g inn ln g f rom the v i c in i t y o f  S i oux Fal l s  s ou thward . 'J1h e 
m a j o r t op og r aphy o f  the a r e a c o n s i s t s  o f  C o t e au de s P r a i r i e s  
o r  P r a i r i e  Hil l s ,  wh i ch i s  a mas s i ve  h i gh l and ro ugh ly shap e d  
l ike a f l a t i r on w i th i t s  p o i n t  on t h e  N o r th Dako t a - S outh 
Dako t a  b o rd e r  ( 22 - 2 ) . The B i g  S ioux R i v e r  dr a in s  th i s  
c. o t e au o r  h ighl an d , l o c a t e d  b e t w e en the :M i nne s o t a - R e d  R i v s r  
. , --- '{ -/- - \-...! , . : I \  ' \ \ \ 
' \ \ ' 
I 
-n--1 
I I t 
· �­• 
I 
' 
' 
• 
\ 
N E B RA S KA 
Figure 2 : Lo c a t i on map of 
'" 
. \ 
: \ BIG S10 
, BA S I N  \ 
IOWA 
NEBRASKA 
I N DE X  MAP 
I s 
- - - b a s i n  boundry 
0 10 20 30 40 
sca le ot m i l e s  
C i ty 
the B i g  S i oux Ba s in ( 24-6 ) . 
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l o w l and s and. the Jame s R i ver l ow l and s . 
The c our s e o f  the B i g  S i oux R i v e r s e em s  t o  h a v e  b e en 
c au s e d  by on e  o f  the g l a c i a l age s when g l ac i a l me l t  w a t e r  
fl ow e d s o uthward and c on f i n e d  the s tr e am b e twe e n  two g l a ­
c i al l o b e s tha t f l an k e d  the c o t e au ' ( 23 - 3 ) .  The ma j or i ty o f . 
the t r i bu t ar i e s t o  the r i v e r  en t e r  from the e a s t , whe r e a s 
very few e n t e r  from the w e s t . The ma j o r t r i bu t ary of the 
B ig S i oux Ri v e r is the Rock R i v e r  wh i ch e n t e r s  from the 
e a s t . The R o c k  R i v e r dr a in s· about 1 , 7 00 s qunre mi l e s of 
s ou thwe s t e rn Mi nn e s o ta and n o r thwe s t e rn I ow a , jo i n i ng the 
Big S i oux R i v e r  ne ar Ha warden , I owa ( 3 - 1 2 ) . The dr a in age 
are a o f  the R o c k  R i ve r  i s  ab out 18  p e r c en t o �  the t o t a l  
dr a in ag e  a r e a  o f  the B i g  S i oux Sy s t em , but i t  c on t r i bu t e s 
abou t  one - t h i rd o r  the av e rage f l ow o f  the B i g  S i oux R i v e r  
( 3 - 21 ) . The p r in c i p a l  we s t e rn t r· i b u t ary of the B i g  S i oux 
R i v e r i s  Skunk C r e e k  wh i ch j o i n s  the r i v e r  a t  S i oux Fa l l s . 
S kunk C re e k  d r a i n s  a b ou t  5 0 0  s qu a r e  m i l e s , o r  6 p e r c e n t  o f  
the t o t a l  d r a i n a g e  are a and c on t r i bu t e s abou t 6 � e r c e n t  of 
the annual flow ( 3 - 2I ) . 
The l ak e  s y s t em in the a r e � o f  t h e  B{g S i oux R i v e r  fo l ­
l ow s  th e s ame p a t t e rn a s  the t r i bu t a r i e s  w i th the m a j o r i t y 
o f  the l ak e s i n  th e b a s in e a s t  o f  t he r i v e r . Thus , the ma­
j or i ty o f  the n or thw e s t e rn p ar t o f  the Big S i oux B a s in do e s  
n o t  c on ·t r i bu t e  t o  th e f l ow of the r i v e r , w i th the ma j o r i t y o f  
the r iv e r  f l o w  c o m ing from the e a s t e rn and s outh e rn p a rt o f  
the b B. s l n .  
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'l'he n c r th e rn ha l f  o f  the Big S i oux R i ve r  V a l l e y i s  
broad and sh al l ow , wh e r e a s  the s ou the rn ha l f  i s  mo r e  d e f i n e d 
w i th b luffs r i s ing 1 00 t o  1 50 f e e t  ab o v e  the r i v e r  b o t t om . 
The r i v e r  c h a nn e l  f o l l ows a. me a.n de r ing c our s e  through th e 
valley bu t i s  g e n e r a l l y  we l l  de f i n e d and s t ab l e . Th e  s l op e  
of the p r e s e n t  ch anne l ,  e x c e p t for the r ap i d s  n e ar S i oux 
Fa l l s  and De l l  R ap i d s , r ang e s  from 0 . 28 fe e t  p e r  m i l e  n e a r  
the mou th to 1 . 8 2  fe e t  p e r  m i l e  in H aml i n  C oun t y  ( 3 - 1 3 ) . 
�a. s ip Geolo6X. 
The C o t e au de s P r a i r i e s , wh i ch make s up the t op ogr aphy 
of th e B i g  S i oux R i v e r  Ba s in , i s  c l a s s i f i e d  a s a p l a t e au .  
Th e c o t e au i �  c omp o s e d  of two d i s t in c t  t yp e s  o f  ro c k  form a ­
t i on s : a s o l i d b e dr o c k c o r e  and a m an t l e  o f  l oo s e  g l a c i a l 
de b r i s o r  dr i f t ( 22- 9 ) . The c or e  o f  the c o t e au i s  c omp o s e d  
of e s e r i e s  o f  s e d imen t a ry r o c k s  and P r e c amb r i an S i oux 
Qu ar t z i t e  wh i c h i s  e xp o s e d in the r i v e r  v a l l e y a t  S i oux 
Fa l l s and s e v e r a l  o th er p l a c e s in the c en t r a l  p a r t of th e 
b a s in e Ser i e s o f  Cre t a c e ou s  a g e  f o rma t i on s  i n c lu d in g  P i e rr e  
sh a l e ,  t h e  N i ob r a r a  forma t i on ,  C a rl i l e  s ha l e , Gr e enho rn 
l ime s t o n e , Grane ro s sha l e , and Dako t a  s and s t on e , o v e r - l i e  
the qu a r t z i t e  i n  t h e  no r th e rn p o r t i on o f  the b a s i n ( 1 1 - IV1 ) . 
Gl a c i a l d r i r t , phy s i c a l l y d i v i d e d  in t o  t i l l , ou t w a s h , 
and g l a c i a l l ake depo s i t s , i s  the p ar e n t  m a t e r i a l  f o r  th e · 
b a s in ' s s c i l s . Gl a c i a l  t i l l , c on s t i tu t ing the gr e a t e s t  bu l k  
o f  the g l a c i � l  d r i f t  i n  the b a s in , con s i s t s  o f  a he t e r o gen a -
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ou s m i xtur e of 3 l l t , s a nd ,  an d l arg e c l ay r o c k  f r agmen t s . 
Ou twash i s  c ommon in the v a l l e y s  an·d p l a in s  o f  the B i g S i oux 
R i v e r  dr a in ag e  s y s t em an d i s  a s our c e  of groun d wa t e r . I t  
c on s i s t s o f  c ro s s b e dd e d  g r av e l , s and , and s i l t . Gl a c i a l  
l ake s e d imen t s , made u p  o f  f i n e - gr a in e d  c l ay an d s i l t , are 
ac cumu l a t e d  i n  t emp o rary l a ke s o r  s ma l l  d e p r e s s ion s in the 
t i l l area and r ange in d e p th from 3 to 1 5  f e e t  ( 23 -5 ) . 
The s o i l s  in th e b a s in are g en e r a l l y  we l l  s u i t e d t o  
cul t i v a t i on .  I n  c omp a r i s on w i th the o the r r i ve r  b a s i n s  of 
South Dako t a , the S i oux R i v e r  B a s in p ro b a b l y  ha s th e h i ghe s t 
p e r c en t a g e  o f p ro du c t i v e  s o i l s . Th e mo s t  s e r i ou s  s o i l  p r o b ­
l em i n  the b a s i n i s  tha t o f  she e t  e r o s i on , wh i ch o c cur s 
througho u t  the b a s in bu t i s  mo s t  e v i d en t in Mo o d y , Mirm. e -
h aha , and Un i on C oun t i e s ( 22-41 ) .  
Ba s in C l ima t e 
The c l ima t e  o f  the B i g  S i oux R i v e r  Ba s in i s  de s c r i b e d  
a s  m i d. c on t i n e n t a l &'1 d  subhum i d , char a c t e r i z e d. b y  l a rge 
s e a s on a l  and d a i l y v a r i a t i on s in t emp e r a ture . Th e we ath e r  
i s  domi n a t e d b y  c o l d  a i r  m a s s e s  from th e n o r th i n  w i n t e r 
whi ch fr e qu e n t l y b r ing s t rong w i n d s  an d b e low z e r o t emp e r a ­
tur· e s ,  an d. w a rm a i r m a s s e s  f rom the s ou t h  i n  the s umm e r  
0 
whi ch of t e n b r i ng t e mp e r a tur e s o f  o v e r 1 00 F .  Th e b a s in 
al s o e xp e r i en c e s a g r e a t d e a l  o f  fron t a l a c t i v i ty , p ar t i cu ­
l a r ly in the s p r ing and f a l l . Th i s  fron t a l  a c t i v i ty b r ing s 
f r e qu en t change s i n  we a th e r c ond i t i on s and the g r e a t e r  p ar t  
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of the b a s in • s annua l  p re c ip i t a t i on i s  a s s o c i at e d  w i th the 
p a s s ag e  of fron t s  through the are a .  Fron t a l  a c t i v i ty i s  
mor e  p ron o un c e d in the s ou the rn th i 1'd o f  the bas in ,  whi ch 
ha s the h ighe s t av e r age p re c ip i t a t i on in the s t ate  ( 22 - 23 ) . 
Cl ima t i c  d a t a f o r  four s t a t i on s i n  the B ig S ioux R i v e r  B a ­
s in are shown in T ab l e  2 .  
The a v e r ag e  annu a l  p r e c ip i t a t i on r ange s from about 20 
in che s in t h e  n o r thwe s t e rn p o r t i on o f  t h e  b a s in t o  ab out 26 
in che s i n  the s ou the a s t e rn p o r t i on . Be twe en 75 an d 80 p e r ­
cen t o f  the annu al p r e c ip i t a t i on n o rm a l ly o c cur s from Ap r i l  
through S ep t emb e r , w i th the l a rg e s t  amoun t c om ing i n  June 
( 3 - 1 3 ) .  Annual p re c ip i t a t ion ha s v ar i e d from 1 3  t o  3 0  
inche s .in the no r the rn p o r t i on of t h e  b a s in and from 1 5  t o  
43 in che s in t h e  s ou th e rn p o r t i on . The av e r age fr o s t - f r e e  
p e r i o d r ang e s from about 1 30 day s i n  the nor the rn p ar t  t o  
ab ou t 160  day s in the s ou thern p ar t  o f  the b a s in ( 1 1 - IV2 ) . 
Se t t l eme n t , P opu l a t i on ,  and Econ omx of the B a s in 
The l an d s  o f  th e B i g  S i oux B a s in were f i rs t inhab i ted  
b y  v ar i o u s  t r ib e s  o f  the S i oux Na t i on . The f i r s t  wh i t e men 
to v i s i t the are a w e r e  p ro b ab ly fur trader s ,  the e ar l i e s t  
on r e c o 1"'d b e ing a fur trader n am e d  L e  Sueur who v i s i t e d  the 
ar e a in the v i c in i ty o f  S i oux Fal l s  a s  e ar l y  a s  1 68 3 ( 23 - 7 ) .  
In 1 883 ,  und e r  the d i r e c t i on o f  the War Dep artmen t , Jo s e ph 
N .  N i c o l l e t , a g e o l og i s t , and h i s  ch i e f  a s s i s t an t , John C .  
Fre mon t , a t op o g r aph i c  eng in e e r , led a.n e xp e di t i on wh i ch 
T a b l e  2 :  CLIMATI C DATA FOR FOUR S TA T I ONS I N  THE BIG S I OUX R I VER BA S I N  ( 22 - 25 ) 
T emp e r a ture , °F Pre c ip i t at i on 
Dsys nays Fre e z e  Average % in 
J anuary July 90 or 0 or Fre e  Dgys Pre c ip - Growing Ave rage 
S t a t i on A v e r age A v e r age Ov e r  Un d e l'�  �28 � i t e.t i on S e a s on Snowf a l l  
Wat e r t own 1 o . 1
° 
7 0 . 4° 1 7  42 1 48 20 . 85 "  78 27 . 3 " 
Brook ing s 1 2 . 7° 7 1 . 5° 1 8  36 1 46 20 . 37 " 8 0  22 . 5 " 
S i oux Fal l s 1 5 . 6° 7 3 . 4° 1 6  43 1 64 25 . 29"  64 41 . 6 " 
S ioux C i ty 1 8 . 7° 77 . 4° 1 8  24 1 85 25 . 45 "  74 32 . 0 11 
f\) 
'° 
trav e r s e d  the high prair i e s o f  the Big S i oux Ba s in are a  
wh i ch Fren ch fur traders c al l e d  the C o t e au de s Prair i e s 
( 23 - 8 ) .  Fremon t explored the area, naming and char t ing a 
numb e r  of l ake s on h i s maps . 
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The f i rs t  whi t e  s e t tlement on the B i g S i oux R i v e r  was 
e s t ab l i she d in 1 856 by the I owa Land C omp any ( 23 -8 ) . I n  
1 88 9 , the S t a t e  o f  South Da kota was adm i t t ed t o  the Union , 
pre c e de d by I owa in 1 846 and M inne s o t a  in 1 858 . Fo l l owing 
South Dako t a ' s  a dm i s s i on to the Un i on and the e n a c tment o f  
the Home s tead Ac t of 1 86 2 b y  Congre ss , the se t tlenent of th e 
Big S i oux R i v e r  B a s in p rogre s s e d s te ad i ly . Fa c t o r s  such as 
ra i lr o a d. c on s t ruc tion , g o v e rnme n t  land. po l i c i e s , al t e rna­
t ing p e r i od s o f  fin an c i al p ro sper i ty and d e p r e s s i on , and 
drought, had a g re a t d e a l  of affe c t on the s ub s e qu e n t  r a t e  
o f  de v e l opmen t o f  the b a s in .  The popu l a t i on o r the b a s i n 
wa s 1 75 , 000 in 1 900 and, w i th the e x c ep t i on o f  a f e w  y e a r s  
dur ing the drought an d depre s s i on o f  t h e  1 9 30 ' s ,  t h e  t o t a l  
popul a t i on has grown at a fa irly s t eady rate ( 23 - 9 ) .  
A t  the presen t t ime , t he p opul at ion o f  the Big S i oux 
Bas in in c luding S ou th Dako ta, Minn e s o ta and I owa i s  a bout 
240 , 000 , of whi ch 6 9  p er c e n t  re s ide in the 97 i n c o rp o r a t e d  
mun i c ip a l i t i e s  ( 23 - 9 ) . The Big Si oux River Bas in i n  Sou th 
D ako t a  con t a in s app roxima t e l y 1 83 , 600 p e op l e , in c lud ing 
1 38 , 950 liv ing in muni c ip al i t i e s  and 44 , 6 97 l iv ing in rur al 
are as. From Tab l e  3 t ak e n  from the p opul a t i on d a t a  in Ap -
p end ix A and the S t a t e  W a t e r  P l an ( 22-8 ) , i t  c�n b e  s e en 
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tha t  f rom 1 95 0 to 1 97 0  the p opul at i on trend ha s be en t o  mi-
gr at e from ru1'al  are a s  and sma l l  town s , t o  l arg e 1� c i t i e s . 
From the coun ty p opula t i on pro j e c t ions to 1 98 0 shown 
in Appendix A ,  i t  c an b e  s e en tha t th i s  m i gr at ion i s  l ikel y  
to con t inue ( 25 ) . The In terim P l an fo r the B ig S i oux R i v e r  
Bas in ( 3 - I I 1 ) s ta t e s tha t  for i t s  p l anning p e r io d ,  1 970-
1 990 , th e  t o t al b a s in popul at ion for S ou th Dako t a  i s  e xp e c t ­
e d to b e  approxima t e ly 225 , 000 , wi th the l arg e r c i t i e s , in ­
c re a s ing a s  f o l l ows : 
S ioux Fa l l s  SMSA* 
Brook ing s 
Wa tert own 
*S tandard Me t rop o l i tan 
1.21Q 
95 , 27 0 
1 3 , 491 
1 3 , 248 
S t at i s t i c al Ar e a  
!_2_9_Q 
1 1 b,00  
20 , 0 0 0  
1 .5 , 00 0  
As  men t ion ed. b e fo re , thi s i n c r e a s e  w ould b e·  a t; the e xp en s e  
of the de cre a s e  in rura l  are a s  an d sma l l  mun i c ip al i t i e s .  
The e c on omy of the Big S ioux R i ve r  B a s in i s  pr obab ly 
more div er s i f i e d  than any o the r ma j or riv e r b a s in in the 
s ta t e . Th e p r imary indus t ry of the b a s in i s  agr i cul ture , 
but the b a s in al s o  con t a in s  a m a j ori ty of the s ta t e ' s  l i ght 
manuf a c turing , food. pro c e s s ing , and who l e s a l ing indu s t r i e s . 
The pr inc ipal typ e s  of farm op er a t i on s  w i thin the area 
are the l i v e s t o ck and c a sh-grain farms i n  the upp e r r e ache s , 
and the f e e de r and c a sh-gr a in f arms in the l owe r p o r t i on of 
the b a s in .  C o rn ,  s oybe an s ,  sma l l  gr a in s , and l i v e s toc k are 
i t s ma in p roduc t s ,  w i th l e s s e r amoun t s  of da i ry , p oul t ry , 
and p o t atoe s . The b a s in con ta in s  many l i ve s t o ck re e d ing 
op e r a t i on s  of v ar i ous s i z e s . L ive s to ck on fe ed in the b a s in 
T a b l e  J :  POPULA T I ON DATA FOR THE BIG S I OUX RIVER BAS I N  I N  SOUTH DAKOTA 
P o:eul a t i on % Change 
C a t egori Numb e r  1 9,20 1 960  1 9zo 1 920- 1 9zo 
Mun i c i p al i t i e s  
l e s s  than 5 00 5 2  1 2 ' 61 1  1 1 , 597 1 0 , 423 - 1 7 
500 to 2 , 5 00 20 1 7 , 8 20 1 8 , 556 1 9 ,  954 + 1 1  
2 , 5 00 t o  1 0 , 000 2 7 , 68 3  7 , 931  8 , 980 + 1 7 
1 0 , 000 t o  50 , 000 2 20 ,463  24 , 635 27 , 1 05 + 33  
50 , 000 o r  more 1 5 2 , 6 96 65 , 466 7 2 , 488 + 38 
To t al Urb an 77 1 1 1 , 27 3 1 28 ,  1 85 1 38 , 950 + 25 
Rural 46 , 540 47 , 75 0  44 , 697 - 4 
T o t al for the Bas in 1 57 , 81 3  1 75 , 935 1 83 , 647 + 1 6  
w 
I\) 
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in c lude approxima t e ly 1 1 2 , 000 c attle , 5 04 , 000 hog s , 202 , 000 
she ep , and 1 , 494 , 000 ch i cken s  ( 3 - I I 2 ) . 
A c c o r d ing t o  the 1 964 Un i t e d  S tate s Census of Agr i c u l ­
ture , ab out 95 p er c en t  of the b a s in are a is farmlan d , the 
ave rage s iz e  be ing approxima tely 31 5 acre s , w i th the l arger 
farm s l o c at e d  in th e upp e r  b a s in { 23 - 1 2 ) . The c a sh farm in­
c ome of the b a s in i s  over $ 21 0 mi l l ion p e r  y e ar wi th thre e ­
fourth s o f  th i s  to tal generated from s al e s  o f  l i ve s t o c k , 
poul try , and re l ated  produ c t s { 3 - I I 1 ) .  
Sioux Fal l s , s erv ing southea s tern South Dako t a , s ou th ­
we s tern M inne s o t a  and northwe s tern Iowa , i s  the e con om i c  and. 
cul tura l center of South Dakota  a s  we l l  as  the B i g  S i oux 
Bas in . It s erve s  as the ma j or transpor tat ion g a t e w a y  fo r 
the b as in and the s t a t e  w i th north- s outh an d e a s t - we s t  int e r ­
s tate h i ghwa y s , four ra ilroads , and three  airl ine s .  The i n ­
dus tr i e s  in Si oux Fal l s  in c l ude a numb e r  of manuf a c tu r ing 
p l an t s ,  who l e s ale c omp an i e s , and. l i v e s t o c k mark e t s . The 
Sioux Fal l s  live s tock marke t ranks among the t o p  t en in the 
nation , w i th Morrell ' s  P acking P l an t  b e ing one or the l arge s t  
packing p l an t s  in the n at ion .  
N a tur a l  r e s ou r c e s  o r  commerc i al importan ce in c lude 
large beds o r  s an d  and gravel wh i ch are e xp l o i t e d  for l o c al 
us e . An exten s ive  b e d  o r  quart z i t e r o c k  out c rop p ing in the 
south- c entra l  p ar t  of th e bas in is min e d for bui l ding s t on e 
and concre te  aggregat e .  
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D e v e l oP.m e n t  o f  Wa t e r  R e s our c e s 
Wa t e r  r e s ou r c e s  de v e l opmen t s  for the Big S i oux R i v e r  
B a s in c an b e  b ro k e n  down in t o  n a tural l ake s and w e t l an d  im­
provemen t s , and p r i v a t e  de ve l opmen t s . P l ann ing and c on ­
s t ru c t ion o f  ma j o r p ro j e c t s  and t r i bu t a ry p r o j e c t s  a r e  us u­
a l ly done by the Bur e au of R e c l am a t i on o r  the C o rp s  o f  Eng i ­
ne e r s  w i th a s s i s t an c e  from th e S o i l  C on s e rv a t i on S e rv i c e . 
O the r p ro j e c t s  a r e  p l ann e d  and con s t ruc t e d  b y  ag en c i e s s u ch 
as th e F i sh an d Wi l dl i f e  S e r v i c e , S t a t e  G ame , F i sh ,  and 
P ark s D e p a r tme n t , an d p r i v a t e  group s . 
P r i v a t e  de v e l opme n t s  cons i s t  o f  tho s e  wh i ch c on c e rn do ­
me s t i c  u s e , l i v e s t o c k  u s e , i r r i g a t i on , an d r e c re a t i on .  The 
l e a s t s i gn i f i c an t  o f  the s e  de v e l opmen t s  in the Big S i oux B a ­
s in woul d b e  tho s e  r e l a t e d  to re c r e a t i on .  A l though the re i s  
a growing numb e r  o f  p r i v a t e  p on d s  fo r f i s h in g  ar e a s , c amp ing 
are a s  an d g o l f c our s e s , the t o t al w a t e r  u s e  f o r  the s e  r e c ­
re a t i on a l  are a s  wou l d p rob ab l y  b e  n e g l i g i b l e . 
Imp o r t an t  p r i v a t e  de v e l opmen t s  f o r  dome s t i c u s e b e ing 
c on s i de r e d in the b a s i n are c en t r a l i z e d  wa t e r  d e l i v e ry s y s ­
tem s t o  p l a c e s  wh e r e  w a t e r  qu a l i ty i s  p o o r , an d t o  a r e a s  
w i th l i t t l e  o r  n o  groun d  w a t e r . Two l arge s y s t em s o f  thi s 
k i nd have b e en c on s i d e r e d  for the b a s in .  N o r t he rn L i n c o ln 
C oun ty rur a l  wa t e r s y s t em ,  w i th the C i t y o f  S i ou x Fal l s  de ­
l i v e r in g t r e a t e d w a t e r  t o  a s t o r age re s e r vo i r , woul d prob ab ly 
b e the f i r s t s y s t em to b e pu t in t o  pra c t i c e ( 22 - 1 60 ) . An ­
o the r p o t en t i a l s y s t em o f  th i s  k ind b e ing c on s i d e r e d wou l d  
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c on s i s t  o f  a p ipe l ine from the Big S i oux R i ver  to the C i ty 
of Mad i s on ,  whi ch would tre at the water  and di s tr ibut e  i t  
to town s and rural are a s  in the v i c in i ty ( 22 - 1 6 1 ) .  Finan -
c i al  as s i s t an c e  from the Farme r s Home Adm i n i s t r a t i on ,  and 
con s tru c t i on and m a in t en an c e  by non - prof i t  c o rp o r a t i on s  
could make de l i very sy s t e ms l ike the s e  a r e a l i ty .  
Live s to c k  wa t e r and wa te r for irrig a t i on o f  c rop s ar e 
two o the r a sp e c t s  of p r i v a t e  de ve l opmen t s  in the b as in .  
Live s to c k  wat e r  cou l d  be p ro v i ded  in m any a re a s  by in c r e as ­
ing farm p on d  and dug out c on s t ruc t i on .  Dugout s are more  
common in  the b as in than the typ i c a l  s t o ck d am due to  co s t s  
of con s tru c t ion ,  e a s e  o f  re a ching ground wate r  in many l o ­
cat i on s , and adv e r s e  s e ep age c ondi t i on s found a t  many f arm 
pond dam l o c a t i on s ( 22 - 1 6 2 ) . 
The p o t en t i al for in c r e a s ing the p r i v a t e deve l opme n t  
o f  irr ig a t i on i n  t h e  B ig S i oux B a s i n  i s  high .  I n  1 968 the 
Bure au of R e c l ama t i on . i s sue d a r ep or t  on the B i g  S i oux B a s in 
( 23 )  tha t d i s cu s s e d  the p o t en t i al for i rr i g a t i on d e v e l opmen t . 
A r e c on n a i s s an c e l and c l a s s i f i cat i on w a s  made on a l l l an d s  
w i thin t h e  B ig S i oux R i v e r Bas in whi ch b r o k e  the l a� d  do wn 
into the f o u r  fo l l ow i ng c l a s s i f i c a t i on s : 
C l a s s  1 ,  arab l e : L ands in th i s  c l a s s  a r e  h i ghl y 
su i t ab l e fo r i rr i g a t i on f arm ing and are c ap ab l e  o f  
p ro du c ing a wide r ange o f  adap t e d c rop s a t  re a s on ab l e  
c o s t s . 
C l a s s  2 ,  a rabl e :  L ands in th i s  c l a s s  are o f  m o d ­
e ra t e  s u i t ab i l i t y for i r r i g a t i on f a rm i n g  an d a r e  m e a s ­
urab l y l owe r than C l a s s  1 in p ro du c t i v e  c ap a b i l i t y .  
1.rh e y  a r e  a dap t e d t o a s om e wha t n arro we r r ange o f  c rop s , 
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mor e  e xp en s i ve to p rep a re fo r irr iga t i on , or more cos t ­
l y  t o  farm .  
C l a s s  3 ,  arab l e : L an d s  in th i s  c l a s s have r e ­
s t r i c t e d  su i t ab i l i ty fo r i r r ig a t i on b e c aus e of more 
ext r eme de f i c i e n c i e s in s o i l , topogr aphy , and/or 
dra in age . 
1 
C l a s s g, non ar ab l e : L ands in thi s c l a s s do not 
me e t  the min imum r e qu i r emen t s  of C l a s s  3 ,  ar ab l e , for 
r e a s on s  of e xt r eme de f i c i en c i e s  in on e o r more fac tors 
of s o i l , t op og r aphy , o r  dr a in age . 
Tabl e 4 shows a summary o f  the thr e e c l a s s e s  of a r ab l e  
l and s in the B i g  S i oux R i v e r  Ba s in , the ap proxima t e  v i c in i ty 
in wh i ch the s e  l ands l ie , and the to t a l  arab l e  l ands for the 
re s p e c t i v e  r i v e r v a l l e ys and the e n t i r e  b a s in .  Of the 
1 22 , 000 a c re s o f  a r ab l e  l ands in the B i g  S i oux R i ver Val l ey ,  
about 1 0 9 , 000 a c re s are in S ou th Dako t a , and ab out 1 3 , 000 
acr e s are in I ow a  ( 2 3 - 2 3 ) . A l l  the arabl e l an ds of S kunk 
Cre ek l i e in South D a ko t a , whe re a s  the o the r  m a j o r t r i bu t a ry , 
the R o c k  R i v e r , ha s 7 , 300 a ra b l e a c r e s in M i nn e s o t a and 
1 3 , J OO a r ab l e  a c re s  in I owa ( 23- 23 ) . 
A t  thi s wr i t ing , only small por t i on s of the ar ab l e 
l ands , c l a s s e s  1 ,  2 ,  and 3 ,  are be ing irrig a t e d . Econom i c  
c on s i de ra t i on s  a r e  l im i t ing irr i g a t i on development i n  the 
b a s in an d w i l l  c on t inue th i s  l im i t a t i on un t i l  agr i cul tural 
e c onomi c f a c t o r s  ch ange . A dd i t i on al ground wa t e r u s e  for 
irr ig at i on i s  e xp e c t e d throughou t the b a s in , but surf a c e  
wa t e r u s e  h a s , thu s far ,  b e en l imi t e d  p r imar i ly t o  the Big 
S i oux R i v e r b e l ow Bro o k i ng s . I r r i g a t i on from e i the r surfac e 
or groun d wa t e r  wi l l  b e  l imi t e d  by inad e qua t e supp l i e s in 
T a b l e  4 :  S UMMARY OF ARABLE LANDS I N  THE BIG S I OUX BAS IN BY CLAS SES ( 23 - 22 ) 
AREA OF THE B I G  S IOUX BAS IN 
B ig S i oux R i v e r 
Wa t e r t own to Bru c e  
Bru c e  t o  Fl andre au 
Fl an dr e au t o  S i oux Fal l s  
S i oux Fal l s t o  C an t on 
C an t on to M i s s our i R iv e r  
B i g S i oux T o t al 
R o ck R i v e r  
Luverne , Minn . t o  Doon , I owa 
Doon , I owa to Big S i oux R i v er 
R o ck R i v e r  To t al 
Skunk C r e e k  
Hartfo rd t o  B i g  S i oux R iv e r  
Total Big S ioux Ba s in 
C l a s s 1 
5 , 400 
9 , 300 
2 , 800 
1 , 400 
3, 900 
22 , 8 00 
1 , 300 
�_300 
3 , 600 
1 t.1 00 
27 , 500 
Arab l e  l ands ( a c r e s ) 
C l a s s  2 C l a s s 3 
1 1  ' 1  00 
1 5 , 000 
4 , 400 
4 , 700 
1 0  ,500 
45 , 7 00 
7 , 500 
4, 300 
1 1 , 800 
2 , 7 00 
6 0 , 200 
1 7 , 7 00 
1 8 , 300 
5 , 500 
3 , 50 0  
8 ,500 
5 3 , 5 00 
2 , 900 
2 , 300 
5 , 200 
600 
5 9 , 300 
T o t a l  
34 , 200 
42 , 600 
1 2 , 7 00 
9 , 6 00 
22 , 900 
1 22 , 000 
1 1 , 7 00 
8 . 90 0  
20 , 6 00 
4,400 
1 47 , 000 
'u.J 
-.J 
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the bas in unle s s  ano ther s ource  of wate r i s  c re ate d or tap ­
p ed .  
N atural l ak e  and we t l ands improvemen t s  s t ar t e d  i n  1 922 
when the Jame s and Big S i oux Val l ey Drainag e Commis sion r e c ­
ommende d th at s ev e r al of the  natural l ake s al ong the Big 
Sioux River b e  ut i l i z e d  for flood control s to r age by lmp rov­
ing the d i v e r s i on ch ann e l s in .to the l ake s . In 1 929 the Dry 
Lake - Lake P o in s e t t  Big S i oux R i v e r  D i ve r s i on Pro j e c t , then 
known as the Bo swe l l  Di ver s ion Dam and Chann e l , was bui l t  
eas t o f  Dry Lak e  t o  divert flood waters out o f  the Big S i oux 
River an d in to the two l ake s ( 22-155 ) . S e v e r a l  o th e r  o f  th e 
natural l ake s in the Big S ioux B a s in c on t a in man -made ou t l e t  
sp il lway s c on s t r·u c t e d  and rep a i re d by the G ame , Fi sh , and 
P ark s Commi s s ion . Some o f  the l ak e s wi thin the b a s in w i th 
such overflow sp i l lway s include : L ake Badu s , L ake Br an t , 
Lake He rman , Buffalo S l ough , and Lake Mad i s on in L ake County ; 
Lake C ampb e l l , Lake Go l d sm i th , an d O akwood L ake s in Brook ing s 
Coun ty ;  and Pun i she d Woman Lake in Coding ton C oun ty ( 2 2 - 1 57 ) . 
The South Dako t a.  S t a t e Game , Fi sh ,  and P arks Dep artmen t 
has a p rogr am c a l l e d the S t a t e  P rogram of We t l an d A c qu i s i t i on 
and D e v e l opmen t ,  wh i c h through F e d e r a l  funds and exc i s e  t axe s , 
a c qui.re s an d d e v e l op s  l ands for publ i c hun t i ng , game p ro du c ­
t i on , an d land c on s ervat ion .  ( 22-1.5T ) .  The r ap i d ly dwi n �  
dl ing wetlands a r e a s  are pur cha s e d to pre s e rve the i r  v a lue s 
as wat e rfowl produc t i on hab i ta t s ,  phe asant n e s t ing and w in t e r  
cover are as , and d e e r  an d smal l g ame m amrnal hab i t at s . P re s -
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en tly , the S outh Dako t a  S t a te Game , Fi sh , and P a rk s Dep art ­
ment own s 8 i  are a s  c ov e r ing 1 4 , 066 a c r e s of the Big S i oux 
Ba s in that ar e us e d  for hunt ing , f i shing , or o the r r e cre a ­
t i on al a c t i v i t i e s  { 22 - 1 58 ) . Of the s e  81 are a s , 56 h av e  we t ­
l ands w i th a to t a l  of 5 , 250 a c r e s , mo s t  of whi ch i s  u s ed for 
hunt ing , f i shing , t r app ing , and g ame r e fug e s ( 22-1 5 8 ) . 
The Fe d e r a l  Gove rnmen t  through the Dep a r tment of I n t er­
i or al s o  has 46 ar e a s  con s i s t in g  of 5 , 904 a c re s in th e b a s in 
for the Fe de r a l  W e t. l and A c qui s i t i on and D e v e l opment P r o g r am 
( 22- 1 58 ) . Mu ch of the l a..� d  b e l ong s t o own e r s  who have a ­
gre e d  t o  re t i re t he are a  in i t s  o r i g inal n a tur• al s t a t e  in 
exchange for p aymen t s  b as e d  on the u s e  of the l and a f t e 1� r e ­
t iremen t and o n  the l and ' s  c ap ac i ty for agr i cul tu r a l  p r o du c ­
t i on • .  The dr awb a ck s  of th i s  p rogram , now c a l l e d the Wa t er 
Bank P rogr am , i s  that i t  w i l l  b e  dep en den t up on annual ap ­
propri a t i on s  f1•om C ongre s s , thu s l e av ing no guar an t e e of 
p erp e tual p re s e rv a t i on .  
Tri but ary pro j e c t s  include d n ine re s e rvo i r s , s e v en o f  
whi ch wer e con s i de re d and re j e c t e d  on the b a s i s  o f  e conom i c  
fe as ib il i ty b y  the C o rp s  o f  Engine e r s i n  the i r  Ba s in Surve y  · 
( 2J )  bu t may b e  re c on s i de re d  by the Bure au of R e c l am a t i on ' s 
re conn ai s s an c e  s tudy 0 Bu l l  H e ad Run Re s ervo ir and S quaw 
Cre e k Re s e rvo i r had not b e en con s i d e r e d  in th e C o rp s of En ­
g ine e rs S tudy . The l o c at ion s of the s e n in e  p o t en t i a l  re s er­
V� irs  a r e  shown in Figur e 3 and the e s t ima t e d c ap a c i ty ,  are a , 
and con t r· i bu t ing d r• a in a g e  are a  o f  e ach summari z e d  i n  Tabl e 5 • 
Al l of the minor tri but ary r e s ervo i r s  l i e  in South Dako t a  
with the excep t ion o f  Be av e r  Cre ek R e s ervo ir in  Minne sota  
and Tom Cre ek R e s ervo ir in  Iowa . I t  i s  exp e c t e d  that  the 
benef i t s  of the s e  pro j e c t s would accrue to fl ood con trol , 
irr igation , re cre at ion , and fi sh and wild.l ife p rop agat ion . 
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Table 5 :  MIN OR TRI BUTARY RESERVOIR INFORMATI ON ( 22 ) ( 23-48 ) 
Contribut ing Re s e rvo ir Re s e rvo ir 
Dams i te and Map Lo c at i on Drainage C ap ac i ty Are a  
Numb er �:· Ar e a  ( sg . mi . ) ( acre - .fe e t )  ( a c re s )  
1 • Wi l l ow Cre ek  63  30 , 290 1 , 400 
2 .  Stray Hor s e  Creek 83 40 , 840 . 1 , 8 7 0 
3 . H idewood Cre ek 1 60 87 , 600 3 , 230 
4 . De er Creek 40 1 20 ,  000 7 , 000 
s . Sl ip Up Creek 31 1 7 , 800 690 
6 .  Be aver Cre ek 5 9  1 40 , 000 4 , 400 
7 ,  Tom Creek 60 28 , 000 1 ,  900 
8 .  Bu l l  H e ad Run Cre ek 1 5  7 , 390 405 
9 . Squaw C r e e k  43 6 ,1 7 0 6 03 
* A s  shown in Figure 3 
S e v e r a l  d i v e r s i on pro j e c t s are a l s o  included in the mi­
nor tributary p ro j e c t s in the b a s in . They in c lude the S l ip 
Up Creek diver s i on p ro j e c t  and two tra.n sb as in dive r s ion p ro ­
j e c t s . The Sl ip Up C re e k  divers ion p ro j e ct woul d con s i s t  of 
a dam and r e s e r v o i r  on S l ip Up Creek about four mi l e s  north­
e a s t of S i oux Fal l s , a di v e r s i on p ip e l ine to the re s ervo ir , 
a pump ing p l an t  a t  th e r e s e rvo ir , and a d j ac en t  re cre at i ona l 
l ands around th e r e s e rvo ir . The r e s e r v o i r  would s tor e wa t er 
to b e pump ed from the B i g  S i oux R iv er during p e r i o d s  or high 
flow , and b a ck t o  the r i v e r  during p er i od s o f  l ow fl ow 
( 22- 1 43 ) . 
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EXPLANA T I ON 
Wi l low C re e k - - - - - - - CD 
S t ray Hor s e  C r e e k - - - @ 
H i d e wo o d  Cre e k - - - - - - CJ> 
De e r  C r e e k  - - --- - - - _ @  
S l ip Up C re e k - - - - - - - ® 
B e a v e r  C re e k - - - - - - - - @ 
Tom C r e ek - - - - - - - - - - (]) 
Bul l  H e a d  Run C re e k  @ 
Squaw c
.
r e e k - - - - - - - - (2) 
N 
s 
0 10 20 30 40 
" N E B R A S K A  scal e of mi l e s  
C i ty 
- -- - b a s i n  b o u n d r y  
Figure 3 : Lo c a t i on map of p ropo s e d m i n o r  t r i bu t a ry 
dam s i t e s  in th e B i g  S i oux R i v e r Ba s in .  
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A t r an sb a s in dive r s i on ut i l i z ing imp o rt e d  wa t er from 
t he M i s s ouri R i v e r  in the Big S i oux Ba s in ha s b e en con s i d­
ered by way o f  two rout e s .  The nor the rn route wou l d  u t i l i ze 
the tran smi s s i on f a c i l i t i e s  o.f the O ahe i rr i g a t i on p ro j e c t  
t o  move w a t e r  in to a Jame s R i v e r  Bas in r e s e rvo ir , and. then 
con s truc t  new pump ing p l an t s  and c anal s to move the w at e r 
in t o  the Big S ioux R i v e r  through L ak e  P o in s e t t  ( 22- 1 44 ) . 
P o t ent i al b en e f i t s  woul d b e  i rr i ga t i on al ong the rou t e  and 
down s tr e am  al ong the Big S i oux R ive r , mun i c ip al and indu s ­
tr i a l  w a t e r  supp l y , wa t er qu al i ty enhan c emen t , and enh an c e ­
men t o f  n a tura l  l ak e s .  A 90 -mil e  conveyan c e s y s t em l i f t ing 
the wat er abou t 5 20 fe e t  woul d b e  requ i r e d  ( 22- 1 44 ) . The 
Sou thern rou t e  woul d  con3 i s t  of a c anal or p ip e l in e  from 
the M i s s ouri R i v e r  in the Gavins P o in t  Dam are a to the S i oux 
Fal l s  ar e a .  The p ip e l ine , or c an a l , woul d t e rmin a t e  a t  
Skunk C r e e k . The pr imary u s e s  for thi s wa t e r  woul d b e  for 
mun i c ip al and. indu s t r i al purp o s e s w i th the p o s s i b i l i ty of 
us ing surp l u s  wat e r  fo r water qu al i ty enhan c emen t end i rr i ­
gat i on . The w a t e r  woul d have to b e  l if t e d  4.50 f"e e t  ari d  the 
conveyan c e  sy s t em woul d be app roxima t e ly 1 08 m i l e s  in l eng th 
( 22- 1 45 ) .  A t thi s wr i t ing , no de t a il e d p l an s  or c o s t e s t i -
ma t e s are r e adi l y a v a i l ab l e .  
An o the r  a sp e c t o f  the minor tr ibut ary pro j e c t s  i s  the 
Wa t e r she d P rogr am . In 1 954 C ongre s s p a s s e d the W a t e r s h e d  
P ro t e c t i on and Fl o o d  P r e v en t i on Act au tho r i z ing th e Dep art ­
ment o f  Agr i cu l tur e t o  a s s i s t  l o c al s p on s or ing o rg an i z at i on s  
4.3 
to dev e l op wa t e r shed management p ro j e c t s  for the n a t i on ' s  
smal l tribu t ary b as in s  ( 22-1 46 ) . Unde r the a c t , indi v i dual 
wa t er sh e d p roj e c t s  were l imi ted to 25 , 000 a c re fee t of t o tal 
s to rage . Wi thin the Big S i oux B as in , e ight wat ersheds h av e  
b e en ap p rov e d fo r c on s t ru c t i on o r  have b e en con s tru c ted  
inc luding : Upp e r  D e e r  C r e e k - Hendr i ck s  in Bro oking s  C oun ty ; 
S i l v e r  C r e e k  in M inn ehaha C oun ty ;  P a t t e e  C r e e k  in L in c o ln 
Coun ty ; Brul e Cre ek in L in c o ln and Un ion Coun t i e s ; and 
Gre en Cre ek , S c o t t  C r eek , Un ion Creek , and R i chl and Cr e ek 
in Uni on Coun ty ( 22 - 1 46 ) . The are a to  b e  c on t ro l l e d  i s  
equivalen t to thr e e  p e r c en t  of the total dra inage area o f  
the B i g  Sioux B a s in and the t o t al s to r age woul d b e  22 , 290 
acre fee t { 22- 1 47 ) . At thi s wri t ing , mor e  p o t en � i a l wa t e r ­
she ds we re unde r c o n s i d e r a t i on b y  the S o i l  Con a·e r v a t i on 
Servi ce . 
Ma j o r  p ro j e c t s  under c on s i der a t i on in the B i g  S i oux 
R iver Bas in con si s t  of five p o t en t i a l r e s er v o i r s , two on 
the main s t em of the Big S i oux R i v e r , and thr e e  on the two 
maj or t r i bu t ar i e s  of the r i v e r , Skunk Cre ek and the Ro ck 
R i ve r .  A f t e r  b e ing adop t e d  by bo th the United S t a t e s  S e n a t e  
and Hous e C omm i t t e e  o n  Publ ic Wo rk s , a re solu t ion wa s p as s ed 
down t o  the C o rp s o f  Eng ine e rs in 1 964 di r e c t ing the C o rp s 
to s tudy flood and o the r water r e s our c e  p ro b l em s  o f  the Big 
S i oux Rive r . In re sp on s e t o  the re s olu t i on , the C o rp s  o f  
Enginee r s  inve s t igat e d  the wa ter re s our c e  p rob l em s  in th e 
bas in and de v e lop e d  a p o t en t i a l  p l an ( 23 )  fo r f l o o d  c on t ro l . 
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The Corps considered a t o t al of 1 2  dam an d  re s ervo ir 
s i tes  in the b as in for p o ssibl e mul t ipurpose use s . Five 
s i t e s  were sel e c te d a s  b e ing e conomi c al ly feas ibl e , as we l l  
as  fe as ible for  such things as flood and s e diment con trol , 
irrigat ion storage , re creation , fish and wil dl ife , water 
qual i ty con trol , and mun i c ipal and industri al  water suppl ies . 
T ab l e  6 l i s t s the five s ite s be ing s tud ie d along w i th the ir 
re spe c t ive re s ervoi r  c ap a c i ty , re s ervo ir are a ,  and the ir  
contribut ing dr a inage area s . Lo cat ions of the s e  dam s i t e s  
are shown i n  Figure 4 .  
Tab l e  6 :  MA JOR RES ERVO IR INFORMA T I ON ( 22 ) ( 23 -48 ) . 
Dams i te and. M ap 
I,o c a t ion Numb e r * 
1 .  Fl andreau Res ervo ir 
Contributing Res e rvo i r  R e s ervo ir 
Dra inage Are a C ap a c i ty Are a 
� sg . mi . ) J.�c re - fe e t  2. .ll!c:re s )  
2 .  Skunk Creek R e s ervo ir 
3 , 991  
409 
1 , 5 21  
8 6 3  
486 
6 9 3 , 6 00 
1 90 , 000 
1 3 1 , 00 0  
214 , 000 
290 , 000 
24 , 200 
7 , 7 00 
7 , 000 
8 , 300 
3 . Can t on R e s e rv o i r  
4 . Doon Reservoir 
S .  L i t tl e  R o c k R e s e rvo i r  1 1 , 500 
* As sho�m in Figure 4 
Due to the e rra t i c na ture o f  s treamflow runoff in the 
Big S ioux Ba s in ,  development and ext ens ive  us e of surface 
wat ers woul d  require re s e rvo i r  s torage . All f i v e  re s ervo irs 
could b e  ut i l i z e d  fo r i rr igat i on and r e creat i on , but wa t e r  
fo r water qu a l i t y con tro l f o r  the cr i t i c a l r e a ch of the riv­
er b e lciw S ioux Fal l s  would come from the p rop o s e d Fl an dre au 
Re s e rvo i r and the p rop o s e d S kunk C r e ek Re servo ir . On e s tudy 
( 1 1 ) con c luded that in order to maint a in an average of 4 . 0 
mi ll igrams per  l i t e r  of dis solved oxygen during l ow p e ri ods 
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F i gure 4 : Lo c a t i on map o f  pro p o s e d  majo r  dams an d 
r e 8 e rv o i r s  in the B i g  S i oux R i v e r  Bas in . 
( 26 - 21 ) .  
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of f l ow , r e l e a s e s  from s to r a g e  w ou l d. b e  r e qu i re d  by the 
ye ar 207 0  to p ro vide a min imum f l ow ab o v e  S i oux Fal l s  of 
1 40 cub i c  f e e t p e r  s e cond during July , the mon th of maximum 
deman d . The s e  t wo p rop o s e d  r e s e rvo i r s c o u l d  a l s o  p ro v i de 
the n e c e s s ary d i lu t i on water a t  t ime s when the Big S i oux 
R i v e r  is in the in t e rm i t t en t  s t r e am c a t e g o ry and the S i oux 
Fa l l s  w a s t ew a t e r  t r e a tme n t . p l an t e ff luen t ma k e s  up 50 p e r ­
c en t  o r  more o f  the r i v e r ' s  f l o w . Du e t o  the f a c t  t h a t  the 
S i oux Fal l s  wa s tewat e r t r e atme n t  p l an t  e f f lu e n t  mak e s up 
such a s i gn i f i c an t  p ar t o f  the flow of the r i v e r , a r e s er ­
vo ir such a s  the on e p rop o s ed n e ar C anton could p o s s ib ly 
have e x t e n s i v e  algae gr owths wh i ch c ou l d  l im i t the r e s e r­
vo i r ' s  u s e  ( 26 -4 ) . 
P r e s en t l y , fe a s i b i l i ty s tudi e s  are b e ing made on the 
f i v e p o t en t i a l  r e s e rv o i r s  by the C o rp s  of Eng in e e rs . In 
add i t i on to the b en e f i t s  p r e v i ou s ly men t i on e d ,  the r e s e r ­
vo i r s  a l s o  cou l d have a dv e r s e  e c onom i c  e f fe c t s  s u ch a s : l o s s  
of c rop p r o du c t i on an d l o c a l  tax b a s e ; eu t roph i c  l ake c o n ­
di t i on s on p rop o s e d r e c re a t i on a l  wa t e r  sup p ly u s e s of the 
r e s e rvo i r s ;  the probab i l i ty of mud - f l a t s ;  the influen c e  of 
re s e rvo i r op e r a t i on on ad j a c e n t  h i gh wat e r  t ab l e  ar e a s ; an d 
th e d i s rup t i on o r  l o c a l traff i c  p a t t e rn s . The C o rp s of En ­
g in e e r s wa s a s k e d  t o  e v a lua t e  the s e  adv e r s e  e ffe c t s in gre a t -
er de t a i l . 
L� 7 
HYDROLOGY O F  THE BIG S I OUX RIVER BA S I N  
Groun d Wat e r  
P r e s e n t - day f e a ture s o f  the Big S i oux B a s i n  affe c t ing 
· the o c curren c e  of ground wat e r  owe the i r  o r i g in to g l a c i al 
shap ing du r ing the W i s c on s in g l a c i al age . The s e  adv an c e s  
we re the I owan , T a z e w e l l ,  C a ry ,  and Manka t o  sub s t ag e s 
( 23- 27 ) .  A s  the gl a c i e r s whi ch c o ve r e d  the B i g  S i oux Ba s in 
re cede d , me l t  wa t e r  tran sport e d , fo rme d and depo s i t e d  out ­
wa sh mat e r i a l of v ar iou s thi ckn e s s� s , char a c t e r i s t i c s , an d 
con s t i tuen t s .  
The gre a t e s t  p e r c en t age of the s e  cu twa s h  dep o s i t s  wa s 
re l a t ive l y  p o r ou s  s an d  an d g r av e l  wh ich a l l ow g round wa t e r  
t o  mo v e and b e s t o r e d  i n  the s e  format i on s .  A l l uv i a l  dep o s ­
i t s  a l s o  found w i th ou twa sh dep o s i t s , g en e r a l l y hav e l ow e r  
s tor age c ap ab i l i ty o r  tran sm i s s i b i l i ty .  The s e  a l luv i a l a n d  
outwa sh dep o s i t s  are 1 0 0 t o  200 fe e t  b ene a th the l an d  s u r ­
fa c e  an d a r e  known a s  s h a l l ow aqu ife r s ( 22 -109) . L arg e 
quan t i t i e s  o f  wa t e r  from shal l ow a qu i f e r s , p r ima r i ly ou t ­
wa sh dep o s i t s , a re a v a i l a b l e  for u s e throughou t  the b a s in .  
T ab l e  7 c on t a in s  a s ummary o f  the shal l ow a qu i f e r  cha ra c t e r ­
i s t i c s in the b a s in f rom Wa t e r t own to North S i oux C i ty .  
The de e p a qu i fe r s of the B i g  S i oux B a s in are tho s e 
a s s o c i a t e d  w i th b e dr o c k · rorma t i on s such a s  C o de l l S and s tone , 
C arl i l e  Sh a l e , Gr e enl1orn L ime s t on e ,  Da k o ta S and s ton e , an d 
S i oux Qu R r t z i t e ( 22- 1 1 5 ) . In mo s t  c a s e s  the d e ep aqu i f e r s  
Ta b l e  7 :  SF�LLOW GR OUND WATER I N  OUTWASH DEPOS I TS - - BI G  S I OUX R IVER BAS IN ( 22-1 1 2 ) 
AKRON 
WATERTOWN FLANDREAU - SKUNK CREEK N . SIOUX 
TOTAL GENERAL LOCATION ESTELLINE BROOKINGS S I OUX FALLS BASIN C I TY  
Ar e a  of S tudy , 
S q . M i . 650 380 675 600 75* 2 , 380 
Ar e a  o f  Out -
w a sh Dep o s i t s , 
S q . Mi . 1 1 2  1 6 2 1 20 7 1  55 5 20 
S atur a t e d Thi ck -
n e s s  o f  Ou twa sh , 
Fe e t  40 1 - 38 1 5 - 30 1 1 -40 6 0  
Av e r age P oro c ity , 
P e r c ent 30 30-40 24-40 30 30 
S t o r a g e  C ap ac i ty , 
A cr e - f e e t  1 , 090 , 000 1 , 066 , 000 670 , 000 240 , 000 800 , 000 3 , 866 , 000  
S tore d. Wat e r , 
A c r e - f e e t  8 3 2 , 000 364 , 000 41 1 , 000 1 67 , 000 6 35 , 000 2 , 400 , 000 
* Big S i oux Bas in Only 
+:"" 
CD 
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pro duc e only smal l  to moderate quan t i t i e s of wat er in the 
b a s in and are no t us ed exten s ive ly for i rr ig at i on or o the r 
l arge - c ap ac i ty we l l  use  as are the shall ow aqu i f e r s . W a t e r  
leve l s gene ral l y range from 1 00 to 300 f e e t b e l ow ground 
l eve l ( 22 - 1 1 5 ) . Jus t  b e c aus e s t a t i c  l e v e l  i s  1 00 to 300 
fe e t  do e s  n o t  n e c e s s arily me an h i gh ar t e s i an p re s sure s are 
pr e s en t . 
The w a t e r  t ab l e  w i thin the B ig S i oux B a s in and i t s 
tribu t ar i e s  var i e s  in surf a c e  i rr e gul ar i ty mu ch l i k e  the 
land b e l ow wh i ch i t l i e s . Whe re the l and surfac e i s  h i gh , 
the wat e r  t ab l e  i s  h i ghe s t , and wh e re the l and i s  l o w , the 
wa te r t ab l e i s  lowe s t  and may ri s e  above the surfac e  of the 
l and as l ak e s or p on d s . The gen eJ• a l  wat e r - t ab l e  s urf a c e  
slop e s to the south a s  do e s the l and. , c aus ing a c on t inuous 
mov ement o f wa t e r  thr ough the s an ds and grav e l s from n o r th 
to south ( 23 - 29 ) . 
Ab sorp t i on of pr e c ip i ta tion along wi th p e r c ol a t ion from 
s tre ams , are th e p r im a ry me an s of re cha rging g round wat er  
aqui fe r s . The g re a t e s t ou tfl ow o f  ground wa t e r i n  the B i g  
S ioux Ba s in i s  p robably due t o  w i thdrawa l from w e l l s .  N a t ­
ural d ep l e t i on o f  g roun d wa t e r  b y  un d e rfl o w  an d  evap o ­
tran sp ira t i on a l s o o c cur s .  
Al l o f  the in c o rp o r a t e d  mun i c ip a l i t i e s  in the B i g  Sioux 
R i ve r Ba s in , w i th the e x c ep t i on of S i oux i.1all s  and W a t e rtown , 
ob t a in the i r  mun i c ip al wa t e r  supp ly from ground w a t e r  s our c e s  
( 1 1 ... v4. ) . Bo th Wa t e r town an d S i oux Fa l l s us e a c omb in a t i on 
50 
o f  surf a c e  and ground wat e r . Approxima t e ly 85 p e r c en t  of 
the mun i c ip a l i t i e s  in the b a s in have mun i c ip a l wa t e r s y s ­
tems . For ty - f i ve p e r c e n t  of the s e  s y s t em s  h a v e  t r e a tment 
p l an t s for i ron an d mangan e s e  remov a l , d i s inf e c t i on , and 
sof t en ing ( 1 1 -V4 ) . The mun i c i p a l  we l l s  r an g e  i n  de p th from 
20 to 1 , 360  fe e t , w i th the ma j or i ty b e ing l e s s  than 500 f e e t  
( 1 1  -V4 ) . 
The qual i ty o f  ground wat e r  v a r i e s  b e twe en aqu i f e r s  
and b e twe en d i f f e r en t  are a s  w i th in indi v i du a l  aqu ife r s . 
Wa t e r  wh i ch f a l l s  a s  p re c ip i t a t i on i s  r e l a t ive ly pur e  un t i l  
i t  r e a ch e s  the so i l  and b e g in s  t o  re a c t chemi c a l ly w i th 
ma t e r i al in wh i ch i t  c ome s in con t a c t .  Ground w a t e r  w i l l  
di s s o l v e  a c e r t a in amoun t and t yp e of mine r a l s d e p e n d i ng 
up on the chemi c a l and phy s i c al c ompo s i t ion of the m ineral s ,  
the dur a t i on o f  the wat e r - s o i l  con t a c t , and the amoun t of 
min e r a l s a l r e ady in the wa t e r . 
Gen er a l ly , th e qu al i ty o f  wat e r  from s ha l l ow aqu i f e r s in 
gl a c i a l ou twa sh and a l luv ium dep o s i t s  i s  s a t i s f a c t o 1 .. y for 
mo s t u s e s .  Wa t e r s from the s e  s our c e s  are u su al ly h igh in 
hardn e s s  and h av e exc e s s ive i ron and mangan e s e  c on c en tra ­
t ion s .  De ep e r  aqu i f e r s  from b e dro ck forma t ion s a r e  g en e ral ­
ly of p oore r  qu a l i ty ,  w i th the excep t ion of th a t  round. in 
D ako t a  S and s t one s  ( 22 - 1 2 3 ) .  D ako t a S ands tone i s  the ma j o r 
b e dro ck aqui re r i n  the b a s in an d wa t e r  from thi s s our c e  h a s  
a hi ghly v ar i ab l e  qua l i ty . In the s outhe rn p or t i on o f  the 
b a s in , ground wa t e r f rom th i s b e dro ck i s  re l a t i v s l y  l ow in 
.51 
to t a l  di s s o l v e d  s o l ids , u s u a l l y  unde r 1 0 0 0  m i l l i g r ams p e r  
l i t e r  ( 22 - 1 24 ) . Dako t a  S and s ton e i n  the c entral and no r th­
e rn p ar t  of the b a s in y i e ld s  wa t e r  -w i th mu ch high e r  chemi c a l  
con s t i tuen t s . 
At th i s  wr i t ing , ground wat e r  d a t a  are l imi t e d  and an 
ext en s iv e  survey of the Big S i oux Ba s i n i s  neede d o  Howev e r , . 
for the aqu i f e r s  th at have b een loc at e d  and exp l ore d ,  i t  
has b e en shown tha t the r e  i s  a re l at i v e l y  w i de r an g e  in wa­
ter qual i ty .  Gene r a l l y , the b e t t e r  qu al i t y wa t er s in e ach 
aqu i f e r  are su i t a b l e for domes ti c  an d i r r i g a t i on u s e ,  wher e ­
a s  the p o or e s t  qu a l i ty waters  are unde s i rab l e for b o th do ­
me s t i c  and i rr i ga t i on u s e ( 2 3 - 31 ) . 
Surf a c e  Wa t e r  
Th e  surfa c e  w g t e r  r e s our c e s  o f  the B i g  S ioux R i ver Ba ­
s in are made up o f  n a tu r a l  s t re am flows , wa ter s t o re d in 
lake s , s l oughs , po t hol e s ,  farm ponds , and man -made r e s e r ­
vo ir s . S t re am s , l ake s and s l oughs make up the m a j o r i ty o f  
the to t al surface  wa t er . The r e  are no ma j o r  r e s e rv o i r s  i n  
the b a s in .  
The Big S i oux R i ve r  ha s i t s o r i g in in Rob e r t s C ounty a t  
an elev a t ion of about 2 , 000 fe e t  me an s ea l e v e l . I t  flows 
s outh for s ome 3 8 0 r i v e r  m i l e s  a t  a s l op e  of 1 . 3 t o  1 . 8 f e e t  
p e r mi l e  and re a che s  the Mi s s our i R i ve r  wi th a s l op e  o f  
ab ou t 0 . 3 fe e t p e r  m i l e n e ar i t s  mou th ( 23 - 32 ) . The dra in­
age are a i s  ab ou t  9 , 5 6 0  s quare mi l e s , o f  wh i ch ao ou t 1 , 97 0  
5 2  
s quare m i l e s are n on c on t r i but ing . T abl e 8 c on t a i n s  a sum­
mary o f  the dra inage and f l ow d a t a  for n in e  of the 21 wo rk­
ing U . S .  Geo l og i c al Surv e y  flow gag ing s t a t i on s  i n  the B i g  
S i oux B a s in . 1rhe dra inage data in thi s  t ab l e  in c lude con ­
t r i bu t i ng and n on c on t r i bu t ing a r e a s  fo r the n ine l o c at i on s , 
a l ong w i ·th a v e r age , m in imum and maximum f l ows . A s  shown i n  
the t ab l e , t h e  nor the rn p or t i on o f  the b a s in ha s a t o t al 
dra in ag e  ar e a  o f  1 , 800 s quare m i l e s  but only 400 s quare 
m i l e s  con t r i bu t e  t o  the b a s in f l ow . On e re a s on f'or th i s  i s  
that thi s  p o r t i on o f  the b a s in con t a in s nume rous dep re s ­
s i on s c ap ab l e of ho l d ing w a t e r . The s e  depre s s i o n s  r ang e 
from s ha l l ow ,  t emp o r ary s l oughs t o  p e rm an en t  l ak e s w i th sur ­
f a c e  ar e a s  up t o  1 2  s quare m i l e s .  
The s t r e am - flow da t a  s hown in Ta b l e  8 r e p r e s en t s typ i­
c a l  snowmel t ,  r a inf a l l , and ground wa t e r  di s charge char a c ­
t e r i s t i c s . Runoff f o r  the t o t al B i g  S i oux Ba s in i s  r epre ­
s ent e d  by the f l ow a t  the Akron g ag ing s t a t i on . The r e  are 
on ly 481 s quare m i l e s  out of a t o t a l of 7 , 541 s quare mi l e s  
o f  con t r i bu t ing a r e a in the to t al b a s in do wn s t re am from the 
Akron g ag ing s t a t i on ( 22-74 ) . Mo s t  o f  the f l ow i s  d e r i v e d  
from runo f f  from the s ou the rn hal f  of t h e  b a s in due to the 
higher annua l p r e c i p i t a t i on in thi s  reg i on . 
'l'he f l ow or the B i g  S i oux R i v e r  i s  e rr a t i c  and unp re -
di c t ab l e  and th e annual f l ow v ar i e s  gre a t ly from y e ar to 
ye ar . Fl ow r e c o r d s  show that for the up p e r r e a ch e s  o f  the 
rive r , z e ro £low normal ly o c curs during the f a l l  an d w in t er 
Ta b l e  8 :  BIG S I OUX R I VER BAS IN HYDROLO G I C  CF..ARACTER I STI CS ( 22 - 76 ) ( 1 1 - V4 )  
Total Non T o t a l  
S t re am 
a n d  
Lo c a t i on 
Dra inage C on t r i bu t ing Con tr i bu t in g  
A r e a Dr a in a g e  Are a Dra inage Ar e a  
· ( sq • m i  .!-L ( sq •. Pl i . ) ( sq. m i  • ) 
B i g  S i oux R i v e r  
a t  Wa t e r town 1 , 8 00 
� _,;'· B i g  S i oux R i ve r  
t'\- .: V n a a r Brook ings 4 , 420 
t�· i B i g  S i oux R i v e r  
.�\\ \) n e a r  D e l l  R ap i d s  5 ,  06 0 
\q .... � 
S k u n k  C r e e k  n e ar  
1 ·  S ioux Fa l l s  5 20 
,".f B i g  S i ou x  R i v e r  
cY· a t S i oux Fal l s  5 , 750 
\{'-!\ 
B i g  S i oux R i v e r  
n e a r  Br an don 5 , 8 1 0  
,� Spl i t R o c k  C r e e k  
, � ·  a t  C o r s on 
� 475 
Rock  R i v e r  n e a r 
R o c k V a l l e y , I owa 1 , 6 00 
1 , 400 LtOO 
1 :  97 0 2 ,  l4.5 0 
1 , 97 0  3 , 0 90 
0 5 20 
1 , 97 0 3 ·' 780 
1 , 97 0 3 , B40 
0 475 
0 1 , 600 
In s t an t an e ou s  Fl ow 
from s t a t i on y e a r s  
o f  re c o r d  Ye a r s  
A v e . .Ma x .  M i n . o f  
( c f s  L__Lsf s )._ { £.fs ) Re c o rd _  
34 2 , 220 0 ,, 0  
1 40 3 3 , 900 c . o  
27 0 41 , 300 0 . 2 
5a 29 , 400 o . o  
364 1 6 , 200 0 . 4 
366 36 , 800 5 o O  
1 7 , 800 o . o  
303 23 , 5 00 o . o  
--
� 9Li 5 t o  
D a t e  
1 95 3  t o  
Da t e  
1 948 to 
D a t e  
1 948 t o  
D a t e  
1 91.� 3  t o  
D a t e  
·1 95 9 t o 
D a t e  
1 965 to 
Da t e  
1 948 to  
Date  
y Big  S i oux R i v e r  
. � ·�" a t  A k r on , I ow a  9 ,  030 1 , 9 7 0  7 ,  06 0 848 8 0 , Boo 7 .  O 
��� · N o t e : The a b o v e  l o c a t i on s a r e  f l ow g ag ing s t a t i on s o p e r a t e d by the U . S .  
1 9 28 t o  
D a t e  
Geolog i cal  Survey \f\ '-" 
mon th s . The W a t e r town g ag ing s t at ion frequen tl y shows n e g ­
l igib l e  f low dur ing the s e  mon th s ,  where a s  the Brook ing s 
s t at ion whi ch i s  farthe r down s tr e am reve al s v e ry few z e ro 
f l ow s  s in c e  1 953 . Wh i l e  snowme l t  and r a in a c coun t  for mo s t  
o f  the t o t a l annua l  flow , ground wat e r  sus t a in s  the r i ve r  
flow for down s t r e am po in t s  during the l at e  f a l l and winter 
mon ths ( 24- 1 3 ) .  
The B i g S i oux Bas in al s o  in c lude s a numb e r  o f  l ake s 
tha t  f o rm an imp or t an t wa t e r  r e s ourc e  for the b a s in .  Ap ­
p roxima t e ly 1 30 l ak e s and s e v e ral thous and s l oughs and p o t­
ho l e s  are l o c a t e d  in the b a s in .  The l arge r l ake s , such a s  
Waub ay L ake , L ake P o in s e t t , Lake Kamp e ska , and L a k e  Madi s on , 
make up mo s t o f  the to t al c ap a c i ty o f  the l ake s ,  wh i ch i s  
e s t ima t e d  a t  ab out 300 , 000 a cre - fe e t . Gene r al ly , the p o t ­
ho l e s  and s l oughs d o  no t con t a in l ar g e  quan t i t i e s  o f  w a t e r  
b u t  do p ro v i de a hab i t a t  fo r w i ldl ife and a w a t e r ing p l ac e  
fo r l ive s t o ck . 
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AM BI ENT WATER QUALITY STATUS 
The Effe c t  o f  Change s in th e Sou th Dako t a  S t andards 
The ch ang e s  r e f e r r e d  t o  in thi s s e c t ion are A t t a chmen t 
A and A t t a chment B o f  a l e t t e r  to Sou th D ako t a  Gov e rnor 
Ri chard Kn e ip from the U . S .  Env ironmental P ro t e c t i on Ag en c y  
( E . P . A . ) .  The at t a chmen t s de al wi th re c ommended ch ang e s  to 
the wa t e r  qual i ty 3 t andards as a re sul t of an E . P . A .  r e v iew 
of South Da ko t a ' s  s t andards . 
A t t a chme n t  A c on t a in s  imp or t an t change s in . the South 
Dako t a  s t an dards p ro p o s e d. by the Fe d e r al Go ve rnm ent and 
mus t  b e  inco rp o rated into the s t andards . A s an in i t i al s t ep 
in p ro c e e ding t oward the n a t i on al goal of con t ro l l ing w a t er 
qual i ty ,  th e E . P . A .  ha s adop t e d the p o l i cy tha t al l  w a t e r s  
b e  p ro t e c t e d  for the p r e s e rvat i on and prop ag at i on o f  de s i r ­
ab l e  s p e c i e s of warm - w a t e r  an d  c o l d-wat e r  aqu a t i c l i r e , and 
for r e c re a t i on in or on th e wa t e r . A s  a r e su l t , wat e r  u s ­
age in A t t a chmen t  A i s  d i v i d e d  into two c a t e g o r i e s :  C l a s s A 
Wat e rs whi ch are tho s e  t o b e  c las s i f i e d  for p r imary c on t a c t 
re c re a t i on ;  and C l a s s B Wa t e r s  whi ch are tho s e  t o  b e  clas ­
s ifi e d for s e c on d ary con ta c t re cre at i on ,  and fo r the p r.\o t e c ­
tion and p ro p ag a t i on o f  f i sh and w i l dl if e . 
A t t a chm e n t  A o f  the E . P . A .  r e qu i remen t s  s e ems t o  p o in t  
t o  the chang ing o f the s t ru c ture of p ar t o f  the S t a t e ' s  
s t andards by : re p l a c ing th e imme r s i on sp o r t s sub c a t e g o ry 
unde 1" the r e c r e a t i on c a t e go ry o f  the p r e s e n t  s t and a r d s  wi th 
Tabl e 9 :  PRESENT S .D .  SURFA CE WA TER QUALITY STANDARDS VERSUS E . P . A .  REQUIREMENTS 
S . D .  Sur.r a c e  Wa t e r  Qu al i ty S t an d ard s 
Ben e.fi c i al 
Us e Cat egory P ar ame t er L imi t s  P aram
e ter 
----�--- - - ·- -- -··· --- · -- -
R e cre at i on ­
Immers ion 
Spor t s 
Re creat ion ­
L imi ted 
C ont a c t  
R e cre at i on 
Not exc ee d  1 000 MPN/1 00ml Total 
mon thly av e r age , nor ex-
c e e d  1 00 0  MPN /1 0 0ml in Col ifo�ms 
20% o f  s ampl e s , nor ex-
c e e d  240 0  MPN/1 0 0ml on 
any on e. day . 
Not exceed 200 MPN/1 00ml 
mon thly ave . , nor exc e e d  
200MPN/1 0 0ml i n  20% of 
s ampl e s , nor exceed 500 
MPN/1 00ml on any one day 
> 2 . 0  mg/1 
None 
None 
None 
N o t  exc e e d  5000 MPN/ 
1 00ml mon thly ave r ag e , 
nor exc e ed 5 000 MPN/ 
1 00ml in 20% of s ample s ,  
nor exce ed 1 0 , 000 MPN/1 00 
ml on any one day 
Fe c al 
Colif orms 
Di s s olved 
Oxygen 
pH 
Temp . 
Col or & 
Turb idi ty 
Total 
Col iforms 
E . P . A .  Requiremen t s  
P ar ame t e r  L imi t s  
Ben e f i c i al 
Us e . C at . 
N o t  e xc e ed 1 00 0  MPN/ C l a s s A 
1 00ml mon thly geo -
me tri c me an ,  nor ex- Waters 
c e e d 2000 MPN/1 0 0ml 
in 20% of s amp l e s  
any month 
N o t  e xc e e d  200 MPN/ 
1 0 0ml mon thly geo ­
metri c me an ,  nor ex­
ceed 400 MPN/1 00ral 
in 1 0% of s amp l e s  
any month . 
> 5 . 0  mg/1 
6 . 5 to 8 . 3  
< 9 0°F 
Se c chi di s c  vi s ib l e  
t o  dep th o f  1 me ter 
or more . 
Not exc e ed 1 000 MPN/ 
1 00ml monthly geo­
metri c me an .  
C l a s s B 
Waters 
\n 
O' 
Ta b l e  9 :  ( Con tinue d )  
S . D .  Surfa c e  Wat e r  Qua l i ty S t andards 
Ben e �i c i a l  
P a rame t e r  L imi t s  Us e Ca tegory_ P arame ter 
Re creation­
Limi t e d  Con ­
t a c t  Re cre a­
t i on 
No t e xc e e d  1 000  MPN/1 00ml Fe cal 
mon thly ave rag e , n o r  e x-
c e e d  1 000 MPN/1 0 0ml in 
20% of s amp l e s , no r ex- C o l iforms 
c e e d  2000 MPN/1 00ml on 
any one day . 
> 2 . 0  mg/1 D i s s olved 
Oxy g en 
E . P . A . R equi r emen t s  
P arame ter Limi t s  
Ben e f i c i al 
U s e C a t . 
N o t  e xc e e d  1 000  MPN/ C l a s s B 
1 00ml mon thly g e o -
me t r i c me an , nor Wa t e r s  
e xc e e d  20 00 MPN/ 
1 O Oml of s a..."Tlp l e s  
any mon th 
2:, 5 .  0 mg/1 
.... - - - - -- - - - - - -
W i ldl ife Pro ­
p ag a t i on and 
S to ck 
Wat er ing 
Fish-Life Pro­
p agat ion -
Cold Wat e r  P er­
manent and 
Cold Wa t er 
Marginal 
< 750 mg/1 -
� 2500 ___ mg71 
< 4000 mi c romno s /  - ,_,o 
cm@2.? C 
� 50 mg/1 as No3 
6 . 0  to 9 . .5 
.$ 1 00 mg/1 
< 0 . 02 mg/1 -
.$ 0 • 3 mg/ 1 to S 0 • .5 mg/1 
.S o .  2 mg/1 
Alkal ini ty 
Di s s olved 
Sol ids 
Condu c t iv i ty 
N i t rat e s  
pH 
Chl or i de s  
Cyanide s 
Hydrogen 
Sulfide 
To tal Ir•on 
C l a s s  B 
Wat e r s  
Class B 
C o l d  Wa­
t er s  
\J1 
-.J 
Tab l e  9 :  ( Con t inued ) 
S . D .  Surf'a c e  Water- Qual i ty S t andards 
Benefi c i al  
Us e C a tep;ory 
Fish Li fe Pro ­
p aga t i on -
Cold  Water  P er­
m an e n t  and Cold 
P arame t e r  L imi t s  
6 . 5  to 8 . 8  
< 30 mg/1 to � 9 0  mg/1 
P a r ame te r 
pH 
Susp ended 
S o l ids 
E . P . A .  Requirement s 
P ar ame t e r  L im i t s  Bene f i c i a l U s e  C a t . 
6 . o  to 9 . 0  C l a s s B 
None 
----��----�------------------------------�--�-----------
C o l d  
Wat e rs Wa t e r  M argin al < 25 j cu to < 5 9  j cu Turb i d i ty 
> 5 . 0 mg/1 to > 6 . 0 mg/1 D
i s s o lved 
Oxygen 
< 6 8°F to < 75°F Tempe rature 
< 1 O j cu 
> 6 . o  mg/1 
( > 7 .  0 mg/1 during 
sp awn ing s e a s on )  
< 58 °F 
- - - - -- - - - - - - - - -
F i sh L ife Pro- < 0 . 0 2 mg/1 to < 0 . 05mg/1 Cy an i de s 
p ag a t i on : Warm - -
W a t e r  P e rmanen t , < 0 . 5  mg/1 to < 1 . O  mg/1 Hydrogen 
Warm Wat e r  S emi - Sulf ide 
p e 1'ma.nent , and 
Warm Wate r  Mar- < O .  2 mg/1 To tal Iron 
gin al 
6 . 0  to 9 . 3 
< 9 0  mg/1 to < 1 .5 0 mg/1 - -
< 50  j cu to < 1 00 j cu 
pH 
Susp ende d 
Sol ids 
Tur·b id i ty 
> .5 .  0 mg/1 to > 2 .  o mg/1 Di s s o lved - Oxygen 
None 
None 
None 
6 . 0  to 9 . 0  
None 
< 50 j cu 
> .5 .  0 mg/1 
C l a s s  B 
Warm 
Wat e r s  
\J1. 
OJ 
T a b l e 9 :  ( C on t inu e d ) 
S . D .  Surfa c e  Water Qua l i ty S t an d ards 
B e n e f i c i a l 
U s e C a t e go ry 
F i sh L i fe Pro ­
p ag a t i on Warm 
Water P e r ­
m an e n t , Warm 
Wate r S em i - ­
p e rman en t , and 
Ws.rm Wa t e r  
M arginal 
Parame t e r  L imi t s  
< 80°F t o  < 93°F - -
P ar ame t e r  
Temp e r atur e  
E . P . A .  R equ i remen t s  
P ar am e t e r  L im i t s  
< 90°F 
B en e f i c i al 
U s e  C at . 
C l a s s B 
Warm 
Wa t e r s  
N o t e : The l imi t r ange s fo r s ome of the p ar ame t e r s  un d e r  Fi sh L i fe P rop agat i on are 
us e d  due to the f a c t  tha t there i s  a s e p ar a t e  l imi t for e a ch o f  five sub c at e go r i e s  
f o r  c e r t a in p arame t er s . Thu s , t o  un comp l i c a t e  thi s , the l imi t s  are exp re s s e d a s  a 
r ange , rathe r then l i s t ing e a ch s ep ar a t e  l im i t . 
\Jl. 
� 
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the c l n s s A wa t e r s  � a t e go ry ; c omb in ing t h e  w i l d l i fe p rop a ­
ga t i on and s to ck wa t e r ing c a t e go ry , the f i s h - l i f e  p r o p ag a ­
t i on c a t e go ry , and _ the l im i t e d  con t a c t  r e c r e a t i on sub c a t e go ­
ry i n t o  on e c l a s s i f i c a t i on c al l e d c l a s s B wa t e r s  c a t e go ry ; 
an d c omb in i ng the f i v e  sub c a t e go r i e s  un d e r  f i s h - l i f e  p r op a ­
gat i on i n t o  two s ub c a t e gor i e s en t i t l e d c l as s  B co l d w a t e r s  
and c l a s s B warm wa t e r s . 
Tab le  9 c on t a in s a c omp ar i s on o f  the a f f e c t e d  c a t e go r ­
i e s  and p ar ame t e r  l im i t s  o f  the p re s en t  S ou th Dako t a  S t a t e  
S t a ndards w i th tho s e  s e t  forth b y  the E . P . A .  The E . P . A .  
app e ar s  t o  have l o o s e n e d. the l im i t a t i on s  on t ot a l  c o l i f o rm s , 
and s ign i f i c an t ly t i gh t en e d the l im i t a t i on s on d i s s o l v e d  
oxygen . A l s o , the E . P . A .  do e s  n o t  men t i on m any o f  the p a ­
rame t e r s  l i s t e d  i n  the aff e c t e d. c a t e go r i e s  o f  the s t andards . 
The r e a s on fo r t h i s c ou l d  b e  th a t  the c r i t e r i a  men t i o n e d  in 
A t t a chmen t A of the E . P . A .  re qu i reme n t s  are c on s i d e r e d  the 
min imum c r i t e r i a n e c e s s ary fo r m a in t e n an c e  of a c c e p t ab l e  
wat e r  qu a l i ty t o sup p o r t  human , an imal and f i s h l i fe . A l l  
o the r p a r ame t e r s , a s  we l l a s  e n t i re c a t ego r i e s  t o  b e  u s e d  
i n  th e s t and a rd s f o r  the de s ign a t e d wa t e r  u s e , shou l d  b e  
b a s e d up on the n e e d f or su ch p a rame t e r s  and c a t e go r i e s in 
e a ch s t a t e . 
A l ong w i t h  the p ar ame t e r s i n c lud e d  i n  the t wo c at e g o r -
i e s o f w a t e r s p e c i f i e d. in A t t a chmen t A ,  the E . P . A ,.  a l s o  
wou l d r e qu i r e c r i t e r i a for o the r p ar ame t e r s  no t f a l l ing 
un de r any of th e s t a t e ' s  c a t ego r i e s . Among tho s e  in c luded 
in the E . P . A .  r e c omm e nd a t i on s  we re di s s o l v e d  r a d i o l o g i c a l 
ma t e r i a l , t o t a l  d i s s o l v e d  g a s  pre s sure , ammon i a  n i t r o g e n , 
and s al in i t y . 
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Th e  g e n e r a l in � e r�p r e t a t i on o f  the commen t s  m ade b y  the 
E . P . A .  in A t t a c hme n t A s e e ms t o  p o in t  t o  the s imp l i f i c a t i on 
of surf a c e  wa t e r  qua l i t y s t ar1dard s .  Th i s  c o n c l u s i on i s  
b a s e d  on the f a c t  t h a t  c e r t a in w a t e r - u s e c a t e go r i e s we r e  
comb i n e d a n d  many p a r ame t e r  l imi t s  om i t t e d  from the re c om ­
mend a t i on s . A l s o , the E . P . A .  d i d  no t c ommen t on s e v e r a l  
o ther o f  the S outh Dako t a  ben e f i c i a l u s e  c a t e go r i e s  in c l u d ­
ing i rr i g a t i on , c omme r c e  and indu s try , an d i n t e rm i t t e n t  
s tre am �  
In A t t a ch.111en t B ,  th e E . P . A .  re comme n d e d. t wo a d d i t i on s 
to the S t a t e ' s  surf a c e  w a t e r  qu a l i ty s t and a r d s . F i r s t , the 
E . P . A .  sugge s t e d  in c lus i on of a f a i r l y  c omp rehen s i v e s e c ­
t i on on the u t i l i z a t i on o f  a m i x ing z on e . A m i xi ng z on e  i s  
defin e d. a s  th a t  v o lum e o f  wa t e r  whe r e in any p o l lu t an t  may 
exc e e d the a l l ow ab l e s t an dard s . The c on c ep t  of a m i xi ng 
z one ,  wh i l e  s t i l l  adhe r ing t o  a " s tre am s t an d ards " s y s t em , 
re l axe s the e nf o r c emen t o f  wa t e r qu a l i ty s t an d a r d s  a t  the 
p o in t  of p o l lu t i on d i s ch arge o Th i s  re c ommen d a t i on woul d  
l imit the s i z e o f  a m i x ing z on e  t o  25 p e r c en t o f  the s ur ­
fa c e w i d th o f  the s t r e am , 1 0  p e r c en t  o f  the c ro s s - s e c t i on a l  
ar e a o f  the s t re am ,  an d a l eng th o f  n o t  mor e  than f i ve t ime s 
the l arge s t  d i m en s i on o f  the s t re am ( a l l  b a s e d on the s t r e am 
chara c t e r i s t i c s  a t  th e  p o in t  of d i s charge ) .  A l s o , l imi t a. -
6 2  
t ion s o n  the l o c at i on o f  a mixing z one wi th r e sp e c t  t o  b en ­
ef i c i al - use a:r•e a s  were empha s i z e d .  
The f in a l  re c ommended addi t ion to  the S outh Dako t a  
s t andards wa s that o f  t o t a l  pho sphorous p ar ame t e r s . A t ­
t achmen t B s t a t e d. tha t t o t al pho sphorus a s  P s hou l d  no t ex­
c e e d  0 . 1 0  mi l l igram s  per l i ter in any s t r e am ,  nor ex c e e d 
0 . 05 m i l l igrams p e r  l i t er in any l ake , re s e rvo i r , or in any 
s tre am at the po in t whe re i t  enters  any l ake o r  re s e r vo ir .  
Dome s t i c  s ewage t re atment p l an t  effluen t s  con t a in app re c i a ­
ble amoun t s  of pho sp orus , thu s mak ing i t  an imp o r t an t  p aram­
e t e r  in the ev alua t i on of surf a c e  wa ter qua l i ty .  Whe re b o th 
ni trogen and pho sphoru s are found in c ri t i c a l  c on c en tr a t i on s  
( 0 . 01 mg/ 1  f o r  P ) , a l g a l  b l ooms c an o c cur , re sul t ing i n  a 
vari e ty o f  nu i s an c e  cond i t i on s  in a b o dy of wa t e r  ( 27 -46 7 ) .  
Compar i s on of S t an da rd s of I owa and. South Dak o t a  
The s t a t e o f  I owa shar e s  app roximately 1 40 m i l e s  o f  the 
Big S i oux R i v e r  wi th South Dako t a  as a boun d a ry b e twe en the 
two s t a t e s .  The ma j o r  e a s t e rn tribu t ary to the B i g  S i oux 
R iv er , the Ro ck R iv e r , i s  al s o f o r  the gre a t e r  p a r t  c on t a in e d  
i n  Iowa , an d d i s charge s into  the  Big S i oux R ive r  at  a p o in t  
on the b orde r p o r t i on o f  the riv e r . Thu s , in o rder t o  eval ­
ua t e the wa t e r qu a l i ty in th i s  1 40 -mi l e  s tr e t ch of the r i v e r , 
the s urfac e wa t e r qua l i ty s tanda rd s for b o th s t a t e s  mus t  b e  
compare d .  
Un l ike the surfac e wa t e r  qual i ty s t andards of Sou th D a -
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ko t a , the I owa s t an dard s are qu i t e b a s i c . Bo th s e t s  of 
s t andards h ave a s e c t i on on g en e ral water qu a l i t y c ri t e r i a 
ap p l i c ab l e  to a l l  surf a c e  wa t e r s a t  a l l t im e s , bu t the b ene ­
fi c i a l  u s e s p e c i f i c a t i on s  are qu i t e  di ffe ren t . The I owa 
·s t a nd ar d s  c on t a i n  s p e c i .f i c c r i t e r i a  fo r on ly thre e b en e f i ­
c i al u s e s  c on s i s t ing of pub l i c  wat e r  s upp ly u s e , aqu a t i c  
l i fe u s e  ( c o l d. and w a rm wa t e r s ) , an d imme r s i on r e c r e a t i on al 
spor t s . 
The S outh Dako t a  s t an dard s c on t a i n c r i t e r i a  fo r s e ven 
ben e f i c i a l -u s e c a t e go r i e s  c on s i s t ing o f  dome s t i c  wa t e r  s up ­
p ly , f i s h  l i f e  p rop agat i on , re cre a t i on , w i l d l i f e  p rop aga-
t i on and s t o c k  wat e r ing , i rrigat i on , c omme rc e and . indus try , 
and in t e rm i t t en t s t re am .  Obv i ou s ly , by t ry ing t o  fo l l ow 
bo t h  s e t s  o f  s t anda rd s , man ag ement of the wa t e r  qu a l i ty for 
tha t  s t r e t ch of the r i v e r  woul d prob ab l y  b e  c onfus ing .  
The re c omm e nde d  change s i n  the S ou th Dak o t a S t an d ards , 
as s e t f o r th by the E . P . A . ,  woul d h e l p  br ing I owa and S ou th 
Dako t a surf a c e w a t e r  qu a l i ty s t andards i n t o  c l o s e r  agr e e ­
men t . In Tab l e  1 0 , the b e n e f i c i a l u s e c a t e go r i e s  o f  the 
I ow a  S t an d ar d s  the S outh D ako t a S t andards , and the E . P . A . ' 
mod i f i c a t i on s are s ummar i z e d  t o  fa c i l i t at e c omp ar i s on .  ·rhe 
dome s t i c  or pu b l i c  wa t e r  sup p ly b e ne f i c i al us e wa s ex c lude d 
from Ta b le 1 0  b e c au s e  the c r i t e r i a f o r  thi s c a t e go ry are 
bas ed on the Un i t e d  s t a t e s  Publ i c  He a l th S e rvi c e  D r ink ing 
Wa t e r  S t an d a r d s  an d thu s woul d b e  the s ame for al l surfa c e  
wat e r  s t an d ard s . The on ly b en e f i c i a l  us e s  l i s t e d  i n  T ab l e  
T ab l e 1 0 : COMPA R I SON OF BENEFI CIAL USES O F  SURFACE WATER 
QUALITY S TANDARDS FROM I OWA AND S OUTH DAKOTA 
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Limi t s  L imi ts  E . P . A . Re quire -
for S . D .  for Iowa men t s  for S . D .  
P arame ter S t andards S t anda r d s  S t an d ard s 
Fi sh L if e  Prop!!Ba t i on ( Co l d  Wat e r )  
To t a l  Co l i forms 
Fe c a l  Co l i fo rm s  
Di s s ol ve d  Oxygen 
Temp erature 
pH 
Turb i d i ty 
Chl o r i de s 
Cy an i d e s  
Hydrogen Sul f i de 
None 
None 
> 6 .. 0 mg/1 to 
> 5 . 0  mg/1 
< 68°F to < 75°F 
6 . 5 t o  8 . 8  
< 25 j cu to 50 j cu 
< 1 OOmg/1 
< o . 02mg/1 
< O . )mg/1  to 
< o . Smg/1 
To tal Iron < o .  2 mg/1 
Su s p e n de d Sol i d s  < 30 mg/1 to 
< 90 mg/1  
Ammon i a N i t rogen None 
Arseni c None 
Barium None 
Cadmium N one 
Hexaval ent 
Chromium N one 
Trival en t 
Chromium None 
Copp er None 
Le ad None 
Zinc None 
Pheno l s  None 
None < 1 0 ,  0 0 0 / 1  OOml 
None < 1 , 000/1 OOml 
> 5 . 0  mg/1 > s . o  mg/1 
< 68°F 
None 
None 
None 
< 58°F 
· 6 . o  to 9 . 0  
< 1 O j cu 
None 
� 0 . 0 25mg/1  None 
None None 
None 
Non e 
� 2 . 0  mg/1 
None · 
� 1 • 0 mg/ 1 None 
< 5 • 0 mg I 1 None 
s 0 . 05 mg/1 None 
$ 0 . 05 mg/ 1  N one 
< 1 .  00 mg/1  N one 
� O .  0 2  mg/1 None 
< 0 . 1 0 mg/1 None 
< 1 • 0 mg/ 1 None 
< 0 . 001 mg/ 1  None 
---- ---------------------------��--------�����---
.E_i sh L ife Propagat ion ( Wa rm Wa t e r )  
To t a l  C o l i form s None None 
Fe ca l  Co l i forms None None 
Di s s o l v e d  Oxygen > 5 . 0 mg/1 to > 4 · 0 mg/1  
> 2 . 0  mg/1 
< 1 0 , 000/1 O Oml 
� 1 , 000/1 0 0ml 
> .5 . 0 mg/1 
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Tab l e  1 0 :  ( Con t inued ) 
P ar am e t e r  
L im i t s  
f o r  S . D  • . 
S tandards 
L im i t s  
fo r I owa 
S t andards 
E . P . A . Re qui re ­
m en t s fo r s . D .  
S t andards 
F.ish Life Propagat ion (Warm Wa t e 1• )  ( C on t i nu e d )  
Tempera ture < 8o°F t o  < 9.5°F < 9 0°F <90°F 
pH 6 . o  to 9 . 3  6 . o  t o  9 . 0 6 0 0  to 9 . 0  
Turb i d i ty < 5o j cu to 
< 1 OOj cu 
Cyan ide a < 0 . 02 mg/1  to  
< 0 . 05 mg/1 
Hydrogen Su l f i de < 0 . 5  mg/ 1 to 
< 1 o O  mg/1 
Tot al Iron < 0 . 2  mg/1 
Suspended So l i ds < 90 mg/ 1  to 
< 1 5 0 mg/ 1  
Am on i a  N i tr ogen Non e 
Ars en i c None 
Bar i um Non e 
Cadmium Non e 
Hexaval en t -
Chromium None 
Triv a l en t -
Chromium None 
Coppe r Non e 
Lead None 
Zinc N on e 
Phenol s N on e 
Re c re at i on { Immers i on Sport s ) 
To t al Col i fo rms < 1 , 000/1 OOml 
Fe c al C o l i fo rrns  S 200/1 OOml 
Di s so lv ed Oxygen > 2 . 0  mg/1 
PH None 
None 
< 0 . 025mg/1 
N one 
None 
None 
� 2 . 0 mg/1  
� 1 . o  mg/1 
� 5 . 0  mg/1 
� 0 . 05 mg/1 
< O .  05 mg/1  
< 1 . oo mg/1  
< 0 . 02 mg/1 
< 0 . 01 mg/1  
< 1 . o  mg/1 
< 0 . 001 mg/1 
� 50 j cu 
Non e  
Non e  
None 
Non e 
None 
N on e  
None 
N on e  
N o n e  
Non e 
None 
N one 
Non e  < 1 ,  000/1  O Oml 
< 200/1 OOml < 200/ 1 OOml 
None > S . o  mg/1 
None 6 . 5  to 8 . 3 
No te : Th e  l im i t  r ang e s for s onie of the p arame t e r s  under Fi s h  Li fe Prop aga t i on are us e d  due to t h e  fact tha t . the re i s  
a . 
s ep ar a t e  l imi t  fo r e a ch o f  the five s ub c a t e go r i e s  fo r c e rt a in 
P ar ame t e r s . 
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1 0  are f i s h l i f e  p rop ag at ion ( c ol d and warm wa t e r ) and im­
mer s i on recreat ion al spor t s . 
Th e I owa s t an dards in c lude d no c r i t e r i a on l im i t e d 
con tact r e c r e a t i on , w i l dl i f e p rop ag at ion and s t o ck wa t e r ­
ing , i r r i g a t i on , c omme r c e  and industry , and intermi t ten t 
stre am , whe r e a s  the s e  are among the Sou th D ako t a b en e f i c i al 
u s e  categor ies . The r e c ommende d E . P . A .  mod i f i c a t ions to 
the South D ako t a  S t andard s d i f f e r  from the I ow a  s t andards 
in that the c l a s s B wat e r s  c a t e gory includes waters for 
l imi t e d  c on t a c t  r e c r e a t i on and wat e r s  fo r w i l d l i f e prop aga­
tion as we l l  a s  fish l i fe p rop ag at i on . A s a re s ul t o f  the i r  
s imp l i c i ty ,  t h e  I owa S t andards c omp ar� qu i t e c losely wi th 
the E . P . A .  r e qu i r e m en t s  for S outh Dako t a . Bo th c l a s s i fy 
the imme r s ion re cre at ional sp o r t s c a t e gory ( c l ass A wa ters ) 
s ep ara t e ly . Iowa l i s t s o n l y  one p a r ame ter ; fecal col iforms , 
for th i s c a t e go ry , wh e r e a s  the E . P . A . re qu i res f e c a l and 
total c o l i fo rm s , d i s s o l v e d oxygen , and pH l im i t s  b e  u s e d a s  
m in imum c r i t e r i a . 
Bo th I owa and the E . P . A . r e qu i remen t s  sub d i v i de the 
fi sh l i f e p ro p a g a t i on i n t o  c ol d and wa rm wa t e r  sub c at egor­
i e s . A s  me n t i o n e d  b e fore , the E . P . A . c al l s  th i s  c at e gory 
c l a s s B wa t e r s  an d in c l ud e s wi ldl ife p r o p ag a t i on and l im i t e d  
cont ac t  r e c r e at i on , a s  we l l  a s  f i s h l i f e  p ro p ag a t i on . Wi th 
the exc ep t ion o f  f e c a l an d t o t a l  col i forms , p H  fo r col d 
Wa t er s , and turb i d i ty ,  a l l  the other p ar am e t e r s  l i s te d w U;h 
the E . P � A .  r e qu i rement s a re a l s o  l i st e d  wi th the I owa stand -
J 
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ard s . The I owa s t and ards a l s o  in c lude v a r i ous o th e r  chem­
i c a l  l imi t a t i on s wh i ch are no t minimum r e qu i r emen t s  for th i s  
c ategory but are spe c i al c ri teri a t o  me e t the n e e d s  o f  the 
s t at e  of I owa . 
Ammon i a  n i t ro g e n  i s  l i s t e d und e r  the I owa f ish l i fe 
prop ag a t i on c a t eg ory , wher e a s the E . P . A .  do e s  n o t plac e this 
p arame t e r  in a b en e f i c i al us e c a t e gory , bu t de em s  i t import­
an t  a s  a wa t e r  qu a l i ty p ar ame ter . A s  men t i on e d  pre v i ou s l y , 
the E . P . A .  requi r e s S ou th D ako t a  t o  e s t ab l i sh l im i t s  f o r  
ammon i a  n i t ro g e n  and in c l ude t h e  c ri t e ri a in its s t an d ard s . 
When th e E . P . A .  change s  are i n c orp or a t e d  in t o  the sur­
face  wat e r  qual i ty s t andards of S outh D akota , t h e S ou th Da­
ko ta and I owa s t an d ard s wi l l  be  in c lo s e r agre emen t . A t  any 
rate , as no t e d  in T ab l e  1 0 , m inor di s cr e p an c i e s  · o r  par a ­
me t e r  l imi t s  b e t u e en the s e  two set s o f  crit e r i a s till 
rema i n and should even tual ly be e l im in a t e d  t o  a ch i e ve a 
comp l e t e l y  wo rkab le wa t e r  qu al i ty man a g ement s cheme f o r  the 
bound ary wat e r s  b a tween the s e  two s t a t es . 
Surface Wa t er Qual i� i n  the B a s in 
The qu a l i t y o f  s urfac e wate r  depend s upon the type and 
amount of p ol lu t an t s  b e ing di s charg e d i n t o  i t , a s  we ll a s  
the phy s i c a l  an d chem i c a l  comp o s i t i on o f  the s o i ls w i th whi ch 
the wa t e r  c ome s in c on ta c t . Provid ing that the s urf ace wa­
ter s are n o t  s e v e r e ly p o l lut e d by c on s t i t uen t s o th e r  th an 
thos e from the s oils , s urf ace w a t e r s  are gene ra ll y high e r  in 
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qual i ty than ground w a t e r s . 
The w ate 1' qu a l i ty d a t a  av a i l abl e for the B i g  S ioux Ri v­
er Ba s in are extreme ly l imi t e d  b e c au s e  no l ong - t e rm s amp l ing 
s t at i on s  hav e b e en ma in t a in e d . P e r i o d i c s amp lin g  ha s b e e n 
c s.rr i e d  out a t  g agin g  s t at i on s  and oth e r  poin t s  by th e U . S .  
Ge o l og i c al Survey i n  c oop er a t i on wi th the S ou th Dako t a  S t a t e  
Dep ar tme n t of He a l th , t h e  S t a t e  Wat e r  R e sour c e s C ommi s s i on ,  
and the Ea s t  D ako t a C on s e rv an cy Sub - Di s t ri c t . O th er wa t e r  
quality da t a  on the river hav e be en c ol l e c t e d  b y  Un i v e r s i t y 
p e r s onne l  for s pe cial re s e arch pro j e cts an d  a l s o  by p e r s on ­
ne l  o f  mun i c i p al i t i e s  ne ar th e s tre am s .  Much o f  thi s wat e r  
qual i ty d a t a  h a s  n o t  � e en pub l i she d .  
Und e r  a p r ogr am c a l l e d S TORET , the E . P . A .  i s  a t temp t ing 
to ma in t a in a c entr al fil e  o f  all s ampl e s  taken and an aly z e d 
on a n a t i on a l  b a s i s  a c c ord ing to r i v e r  bas in and s amp l i ng 
s t a t ion . STORET da t a are available on c ompute r p rin t - outs 
at v ari ou s c i t i e s  i n  the n a t i on , wi th Pierre , S outh Dako t a  
be ing th e ou tpu t s tat i on 
tun at e ly , no t all of the 
u . s . Ge o l og i c Survey ha s 
for the S ioux Riv e r  Bas i n . Unf or -
hi s t ori c da t a coll e c t e d  by the 
be en recorded in the S T ORET p rogram 
nor ha s any of th e information c ol le c te d  by loc al agen c i e s 
been in c lude d in the prograrri ( 2 2 - 1 20 ) . 
The S TORET sy s t em re cord s dat a fo r 2 3  s amp l ing s t a t i on s  
in the Big S i oux R i v e r Bas in from j us t  south of Nor th S i oux 
C i ty to j us t  nor th o f  Wa t e r t own .  App endix B c on t a in s  wa t e r  
qual i ty da t a for 1 0  of the 2 3  s ampling s t a t ions b a s e d  on in -
6 9  
form a t i on p r o v i d e d  b y  the STORET computer pr intout . Data 
fo r the remain ing 1 3  s t a t ion s we re almo s t n e g l i g i b l e  and 
thus coul d n o t be rep re s en t at i v e  of the wa t e r  qu a l i ty in the 
are a .  O the r wa t e r  qu a l i ty dat a from l o c a l  agen c i e s  were no t 
inc lude d in App end i x B for the fo l l ow ing r e a s on s : s ome s am­
p l e s  were no t p e r t in ent t o  the water qua l i ty s t an dard s ; 
s amp l ing s t a t i on s  and me thods o f  s amp l ing wer e  no t c l e arly 
ident i f i e d ; an d i n  mo s t  c a s e s s o  few s amp l e s we r e  t ak e n  
tha t the data were no t r e p r e s en t a t i v e  of t h e  qua l i ty o f  the 
surf ac e wat e r . Four o r  more s amp l e s p e r p ar ame t e r p e r  y e ar 
were a s sume d t o  c on s t i tu t e  a suffi c i en t  numb e r to b e  repr e ­
s en t a t i v e  fo r th e purp o s e s  o f  th i s  s tudy . 
Dat a from the 1 0  s t a t i on s  whi ch con tain e d. en ough s am ­
p l e s are t abul a t e d  in pp endix B .  The l o c a t i on o f the s t a:� 
t i on i s  d e s i gn a t e d  b y  l a t i tude and l ong i tude . Twenty-one 
p arame t ers p e r t in e n t  to b o th a wa t e r  qu a l i ty man ag emen t p� an 
and to the p r e s en t surf a c e  wa t e r  qu al i ty s t an dards ar e  p r e ­
s en t e d fo r e a ch s t a t i on . The informa t ion con s i dered imp or ­
t an t  an d  l i s t e d  fo r e ach p ar ame t e r  in c lude d  the geome tri c 
me an of a l l  the s amp l e s t aken , the s t an dard. d e v i a t i on about 
the me an ,  the maximum and min imum value of the s amp l e s  t aken , 
and s amp l ing p e r i o d . 
The s t an d a rd de v i at ion i s  an indi c a t o r  o f  the d i s t r ibu-
t ion of the s amp l e  v a lue s  aroun d. the me an . The maximum and 
min imum v alue s  woul d l i e on the e xt r eme r i gh t  and the ex­
treme l e r t  r e s p e c t i v e l y  of the me an . The me a ns and th e 
70 
s t andard devi a t i ons were cal cul a t e d g e ome t r i c al ly in o rder 
to r e duc e  the e ffe c t  whi ch ext reme v alue s hav e on th e c a l ­
cul a t ion o f  a true , r e p r e s en t a t i v e  me an o r  s t and ard de v i a ­
t i on .  
T o  i l l u s t r a t e  the u s e o f  the me an and s t an d ard d e v i a ­
t i on r e f e rr i ng t o  the stat i on for the Big S i oux R i ve r b e low 
S i oux F a l l s  i n  App end ix B ,  the g e ome t r i c me an o f  the s amp l e s 
fo r d i s s o lv e d  o xygen w a s  5 . 51 m i l l igrams p er l i t e r . The 
s t andard d e vi ation f o r  the me an was 3 . 06 .  Thus , i t  c oul d 
b e  s a i d tha t 6 8  p e r cen t o f  the s amp l e s had a d i s s o l v e d  oxy ­
g e n  v alue o f  b e twe en 8 . 56 and 1 . 45 mil l igram s  p e r  l i t e r  and 
the r em a in ing 3 2  p er c ent of the s amp l e s we r e  a lmo s t  even l y  
di s tr ibu t ed t o  e i the r m o r e  than 8 . 56 mi l ligr am s  p e r  li t e r 
or l e s s  than 1 . 45 mi l l igrams p e r  l i t e r . By an a l y z ing the 
da t a in thi s way , the app ro x ima t e  numb e r  o:f vio l at i on s to 
th e surfa c e  w a t e r  s t and ards c ou l d  be c a l cul a t e d  wi thout ob ­
s e rv ing a l i s t  of al l  the s amp l e s  t aken f o r  the p a r ame t e r  
in que s t i on .  
To an al y z e  wa t e r qu al i ty o f  the s t re am s in the B ig 
S i oux Rive r Ba s in ,  the b e n e ficia l u s e c a t e g ory tha t app l ie s 
to e a ch re a ch o r  t r i b u t ary o f  the ma in s tem mus t  f i r s t  b e  
de t e rm i n e d u s ing the E. P . A . r e v i s i on s  t o  the South Dako ta 
s t an da rd s . The ap p l i c ab l e  b ene fi c i a l use c a te g o r y f o r  e ach 
re a ch of the ma in s t em a nd fo r th e tribu t ar i e s of the Big 
S i oux R i v e r  is sho wn  in Tab l e 1 1 . A s  sho wn  i n  thi s  t ab l e , 
the B ig S i oux R i ve r  and i t s tribu t a rie s are gen e ral ly c l a s -
s i f i ed a s  a c l a s s B warm wat e r  s t re am s y s t em w i th i rr i g a ­
tion potent i al . From the Mis s our i R iv er t o  the Kl ond ike 
D run ,  a d i s tan c e of roughly 1 1 7  river mi l e s ,  the Big S i oux 
R i v e r  t ak e s  on the c l a s s A wat e r  b e n e f i c i a l us e c on s i s ting 
of p r imary c on ta c t re cre a t ion wa t e r  qu al i t y s t andards . 
From the l ower e nd of the S i oux Fa l l s d i v e r s i on di t c h to 
t h e  he adwa t e r s  o f  the Big S ioux R i v e r , the wa t e r is al s o  
us ed for dome s t i c  wa t e r  suppl ie s .  The rema inde r o f  the 
ma in s t em an d a l l  tr i bu t ari e s  f a l l  unde r the cl a s s  B warm 
wa ter and i rriga t i on cat egori e s . 
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T ab l e  1 1 : BENEFI C I AL US E CATEGOR IES FOR REA CHES O F  THE BIG 
S I OUX RI VER AND I TS TR I BUTARIES 
Stream 
Ma in S t em o f  the 
Big S ioux R i ve r  
Tr i bu t ar i e s  o f  the 
Big S i oux R i ve r 
Reach 
M i s s ouri t o  
K l o n d i k e  Dam 
Kl ondik e Dam t o  
Lowe r end o f  
S ioux Fal l s  
D i v e r s i on D i t ch 
Lowe r end of S i oux 
Fal l s  D i v e r s i on 
D i t ch to He adwa t e r s  
B en e f i c i a l Us e s  
C l a s s A Wa t e r s , 
Cl a s s B Warm Wa ­
t e r s , I rr i g a t i on 
C l a s s B Warm 
Wa t e rs , 
I r r i g a t i on 
Dome s ti c  Wa t e r  
Supp ly , C l a s s B 
Wa rm Wa t e r s , 
I r r i g a t i on 
C l a s s  B Warm Wa ­
t e r s , Irr i g a t i on 
From T ab l e  1 2 , a c omp ar i s on c an b e  made of the wa t er 
qual i ty da t a  for the 1 0  s t a t i on s w i th repr e s en t a t i v e  d a t a  
1 2 
in the STORET l i s t ing s t o  the S ou th Dak o t a Surf a c e  W a t e r  
Qua l i ty S t an d a r d s  a s  r e c ommende d b y  the E . P . A .  The 1 0  s t a­
t i on s  a r e  l i s t e d  by numb e r s  in Tab l e  1 2 . The r e c omm e n d e d.  
chan g e s in the S ou th Dako t a  s t andard s  wi l l  br ing them i n t o  
b a s i c  agre ement w i th the I owa s t andards ; thu s , f or t h e  low­
e r  r e a ch of the S i oux R i ver sha re d  by b o th s t a t e s , the 
S ou t h  D ako t a  s t an d ard s w e re cho s e n for thi s c omp ar i s on .  
Ano the r r e a s on for us ing the S ou th D ako t a  s t andards i s  tha t 
they in c lud e  l imi t s  for mo s t p ar ame t e r s de eme d imp o r t an t  in 
a wa t e r qu a l i ty managemen t s tudy . The on l y  p ar ame t e r l i s t e d  
for wh i ch S ou th D a k o t a  h a s  n o  l im i t i s  th a t o.f ammon i a  n i ­
trogen . The r e fo r e , the I owa s t an dard w a s  u s e d  whe r e v e r  d a t a  
fo r tha t p arame t e r w e re a v a i l ab l e . The p ar ame t e r  l im i t s  
were b a s e d  o n  th e p rop e r  b e n e f i c i a l u s e  c a t e g o r i e s  p r e v i ou s ­
ly l i s t e d i n  T ab l e 1 1 . 
I n  an a ly z i ng T ab l e 1 2 , none  o f  the 1 0  s amp l ing s t a t i on s 
had a c omp l e t e  s e t o f  d a t a  for the 20 p ar ame t e r s  l i s t e d .  
A l s o ,  e i gh t  of the 1 0  s t a t i on s rep o r t e d  a t  l e a s t  on e p ar am ­
e ter in wh i ch the me an v a lue o f  all s amp l e s t a k e n  e x c e e d e d  
the s t an dar d c on s t i tu t ing a v i o l at i on .  P arame t e r s  v i o l a t e d  
mo s t oI' t en we re am on i a  n i t rogen , t o t a l pho s pho ru s , f e c a l  
Col i fo rm s , t o t a l  c o l i fo rms ,  and chloride s . 
Mo s t o f  th e v i o l a t i on s  on the m a in s t em o f  the B i g  
S i oux R i v e r o c curre d b e l o w  S i oux Fa l l s . F o r  s amp l ing s t a -
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Tab l e  1 2 : C OMPAR I S ON OF THE B I G  S I OUX R IVER BA S I N WA TER 
QUAL I 'rY TO THE EPA REC OMMENDED S TANDA RDS OF S . D .  
P ar am e t e r s  
S amp l ing S t a t i o n s *  a s  Numb e r e d  
in App e nd i x  B 
Up s t r e am Down s t r e am 
1 2 3 4 5 6 7 8 9 1 0 
p H  
T empe r a tu r e  
D i s s o l v e d  O xygen 
T o t a l  D i s s o l v e d  So l i d s 
T o t a l  S u sp en d e d  S o l i d s 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 
0 0 0 0 0 0 0 
N i t r a t e s a s  N 0 0 0 0 0 0 0 
N i t r a t e s a s  N0 3 0 0 0 0 0 
0 0 
0 0 
0 
0 0 
x 
0 0 
0 
0 
0 
0 
0 
0 
Ammon i a  N i t roge n X X X 0 
To t a l Pho s ho rou s  X X X X X X X X 
Fe c a l C o l i forms 0 X X X �..;;._------�--------------�--------�__;;.;;..._�---
To t a l  C o l i f o rm s  X X 0 X 
Fi v e  D ay BOD 0 0 0 0 
---!9_t a l A l k a l i n i ty 0 0 0 0 0 O 0 0 0 0 
Spe c i f i c  C on d uc t an c e  0 0 0 0 0 0 0 0 0 0 
Tu rb i d i ty X 0 0 X 
Chl o r i d e s O O 0 O X X 0 X 0 0 
Cyan i d e s 
To t a l I ron 0 0 0 0 0 0 
_ S o d ium Ad s o rp t i on R a t i o 0 0 0 0 
S o lub l e  S odium 0 0 0 0 
Key : X - M e an V a lue Exc e e d s  S t and ards 
0 - M e an V a lue Do e s  N o t Ex c e e d. S t a n d a r d s  
B l ank if No D a t a  A v a i l ab l e  
0 
0 
0 
0 0 
x 0 
0 0 
0 0 
* S amp l ing S t a t i on s c o rr e s p on d ing t o  numb e r s a b o v e : 
1 .  B ig S i oux R i v e r  n e a r Wa t e r t own , S . D .  
2 .  Big  S i oux R i v e r  n e ar Bro ok ing s , S . D .  
3 . B i g  S i oux R i v e r n e ar D e l l  R ap i d s , s . n
· . 
4 . S kunk C r e e k  n e ar S i oux Fa l l s , S . D . 
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Tab l e  1 2  - S amp l ing S t a t i on s  ( c on t inue d ) 
5 . B i g  S i oux R i v e r  b e low S i oux Fa l l s , s . n .  
6 .  B i g S i oux R i v e r  n e ar Br andon , s . n .  
1 .  S p l i t  R o c k  C r e e k  n e ar Br an don , S . D .  
8 .  P ip e s t on e  C r e e k  n e a r  mou th i n  M inne s o t a  
9 . B i g  S i oux R i v e r  a t  Akron , I owa 
1 o .  B i g  S i oux R i v e r  a t  S i oux C i ty , I owa 
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t i on 5 ,  the B i g S i oux R i ve r  b e l ow S i oux Fal l s , the me an val ­
ue of f i ve o f  the 1 4  parame t er s  exc e e de d  the s t andards . 
The s e  we r e  ammon i a  n i trogen , t o t al pho sphorous ,  to t a l  co l i ­
forms , turb i d i ty , and chlor i d e s . Th i s  s amp l ing s t a t i o n b e ­
l ow S i oux Fal l s  had the mo s t  r e l i ab l e d a t a  from the s t and­
po in t tha t  up t o  31 5 s amp le s  for p ar ame t e r s o v e r  an e i gh t­
year p e r i od we re av a i l ab l e . 
In e v al u a t ing da t a  for thi s s tudy , i t  w a s  obv i ou s  tha t 
the re w a s  a di s t in c t l a c k  o f  s amp l ing s t a t i on s  an d d a t a on 
the ma in s t em of the S i oux R iver ab ove S i oux Fa l l s  and on 
the t r i bu t a r i e s throughout the b a s in .  S T ORET l is t e d five 
main - s t em s t a t i on s , o f  wh i ch onl y  thr e e  con t a in e d l im i t e d  
bu t u s e ful d a t a ; A.nd 1 3  t r i bu t ary s t a t i on s , o i'  wh i ch on ly 
thre e c on t a i n e d  any u s ab l e  dat a .  Of the s t a t i on s  l i s t e d in 
T ab l e 1 2 , on l y  s t a t i on s 1 ,  2 ,  3 ,  4 ,  7 and 8 wer e  c on s i de red .  
In ev alua t ing the c on t e n t s  of the S TORET da t a s ummari z e d. i n  
Tab l e  1 2 , p ar ame t e r s  such a s pH D  t emp e r a ture , t o t a l  d i s s o l v ­
ed s o l i d s ,  t o t a l  a lk al in i ty ,  s p e c if i c c onduc t an c e , s o dium 
ad s o rp t i on r a t i o , and s o lub l e  s o d ium we r e we l l  un d e r  the 
s t andard s an d d i d no t p re s en t any p o t en t i a l  p ro b l e m s t o  the 
wa te r qual i ty . 
On the o th e r  han d , th e r e we re s ome in d i c a t i on s  o f  p o t en -
t i a l  wa t e r  qu a l i ty prob l em s . Dat a f o r  f e c a l c o l i f orm s w e r e  
given for on ly four s t a t ion s i n  the b a s in ,  w i th thr e e s t a ­
t ion s ,  P ip e s t on e Cre e k  ( #8 ) , the S i oux R i ver a t  Ak ron ,  I o wa 
( #9 ) ,  a�d the S i oux R i v e r a t  S i oux C i ty ,  I owa ( #1 0 ) ,  in v i o -
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l at ion of the s tandards . The four th s tat i on showing f e c al 
col iform da t a ·, the S i oux River ne ar Wa t ertown ( 1/1 ) ,  had very 
l imi ted  dat a ,  but s t i l l  showed  a me an s amp l e  value o f  290 
MPN/1 00ml . From unpub l i shed dat a  prov ided by the C i ty of 
Watertown , i t  wa s shown tha t of 43 samp l e s  t ak en in a l oca­
t i on n e ar STORET ' s  s tat ion ,  24 of  the s amp l e s  exce ede d the 
s t and ard l imi t o f  1 , 000 MPN/1 00ml ov e r  a four -ye ar p e r i od 
( 1 7 ) . 
T o t a l  c o l i form data were l i s ted  for four s tat i on s , 
thre e o f  whi ch we re in gro s s  v i o l a t i on of the s tandards . 
The sta t ions show ing violat i on s  we r e the S i oux R iver  b e l ow 
S i oux Fal l s  ( #5 ) , P ip e s tone  C reek ( #8 ) , and the S i oux R iver 
at S i oux C l ty ,  Iowa ( #1 0 ) .  The fourth station a t  Akron , 
Iowa ( #9 )  d i d not show enough total  col ifo rm d a t a  to b e  re ­
l i ab l e . 
D i s s ol v e d  oxyg en was  s amp l e d  at four s t at i on s  includ­
ing the S i oux R iv e r  n e ar Wat e rtown ( #1 ) ,  the Sioux R iver b e ­
low S i oux Fal l s  ( #5 ) , P ip e s tone Creek ( #8 ) , and the S ioux 
River a t  Sioux C ity ,  Iowa ( #1 0 ) . Ba s e d  on me an value s , 
none o f  the s tations were  in v i o l ation of the s t andard for 
di s s o l v e d o xygen . However , from o the r s tudi e s  ( 9 )  ( 1 4 ) ( 1 5 )  
i t  i s  known tha t mos t ar eas o f'  the basin, including the 
above s t a t ion s and those stations without dat a ,  have b e en 
in .violation o r  the d i s s o l ved oxygen s t andard on numerous 
occasions du ring the ye ar . Thi s was p a r t i cul arly true of 
s t at i on 5 j us t be low S i oux Fal l s  in wh i ch the d i s s o lv e d  oxy-
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gen wa s b ar e ly 5 mg/ 1 .  
S t a t i on s  5 , 6 ,  8 ,  and 1 0  b e low S i oux Fal l s , n e ar Br and-
on , on P ip e s tone C re e k , and at S i oux C i ty r e s p e c t i v e l y , p ro ­
vide d  ST ORET wi th dat a for f i v e - day Bi o chemi c al Oxygen D e ­
mand . N on e  o f  th e me an v alue s we re in v i o l a t ion o f  the 
s t an dard . Thi s  s t andard c ome s from the in t e rmi t t e n t  s tr e am 
category whi ch i s  us ed  on ly when a wa t e r c o ur s e  has z e ro · .  
fl ow , or flows w i th l e s s  than the d a i l y  av e r a g e  i rr i g a t i on 
re turn f low ( 2 ) . Re f e rr ing to Tab l e 9 ,  whi ch c on t a in s the 
Big S i oux R i v e r  Ba s in hydro l og i c  dat a , i t  i s  c on c e i v ab l e  
th a t  th i s  c a t e go ry c ou l d  be c ome op e r a t ive  a t  any p o in t  al ong 
the n e twork of r i ve r wa t e r s  in the b a s in .  Of the s t a t i on s  
s amp l e d , n on e  h a d  suff i c i en t  dat a f o r  an alys i s  e xc ep t s t a ­
t i on 5 b e l ow S i oux Fal l s . The me an v a lue of f i v e - day BOD 
fo r the S i oux R i v e r  b e l ow S i oux Fa l l s  was  27 . 3  mg/1 , wh i ch 
approa che s t h e  s t an d a rd of 3 0  mg/ 1 . 
The rema in ing p arame t e rs l i s t e d  in Ta b l e  1 2  whi ch 
shoul d b e  no t e d are n i t r a t e s , turb i di ty ,  and chl o r ide s .  
Ni tr a t e s ( a s N and NO ) ) were s amp l e d  a t  ne arly  a l l the s t a ­
t i on s and n o  v io l a t ion s o f  the s t andards w e r e  r e f l e c t e d  i n  
the me an s amp l e  v a lue s . Howe v e r , b o th forms o f  n i t r a t e s 
we re e x c e s s i v e l y  h i gh in s amp l ing s t a t i on s 5 , 6 ,  and 9 b e l ow 
S ioux Fa l l s ,  ne ar Br and.on , and a t  Akron re sp e c t iv e ly .  The 
C i ty of S i oux Fa l l s  would be su sp e c t e d a s  the s ourc e o f  
the s e  h i gh v a lu e s . Th i s  en t i ty c ou l d  a l s o  b e  r e s p on s i b l e  
for the v i ol a t i on s  o f  the s t andards for chl o r i de s  b e l ow 
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S ioux Fal l s  ( #5 ) and n e ar· Brandon ( #6 ) . Wi th the e xc ep t i on 
of the s e  two s t a t i on s  and the P ip e s t on e  C re e k s t at ion ( #8 ) ,  
no o th e r  v i o l a t ions were found .  
Turb i d i ty wa s s amp l e d  a t  only four p l a c e s  i n  the b a s in 
and only the s t at i on b e l ow S i oux Fal l s  and. the s t a t ion a t  
S i oux C i ty , I o w a  d i s c l o s e d  v i o l a t i on of the s tandards . The 
o the r two , P ip e s tone Cre e k  and the Big S i oux R i v e r  n e ar 
Br andon , had h igh turb i d i ty v a lue s bu t only a l im i t e d amoun t  
o f  da t a . The Big S i oux R i v e r  i s  an exc ep t io n al l y  turb i d 
s t re am ,  s o  i t  i s  l i k e ly tha t  mo s t  s t a t i on s  woul d r e fl e c t  e x­
treme l y h i gh turb i d i ty v alue s at various t ime s of  th e y e ar 
if s uff i c i e n t  s amp l e s we re t aken . 
Ammon i a  N i trogen and To t a l  Pho sphoru s  
Ammon i a  n i t ro g en an d t o t al pho s phoru s  a r e  two p ara­
me t e rs wh i ch we r e  no t  l i s t e d  i n  the S o u th Dak o t a  Wa t e r  Qual ­
i ty S t andards but wh i ch c ould e v en tu a l ly app e ar in a re v i ­
s ion o f  the s t andard s a s  re que s t e d  b y  the E . P . A .  A s  shown 
in T ab l e  1 2 , s ome s i gn i f i c an t  v a r i a t i on s in the s e p arame t er s  
are ev i dent a l ong the m a in s t em of the B i g  S i oux R i v e r . An 
ammon i a  n i t ro g e n l im i t of 2 . 0  mi l l i gr ams p e r l i t e r  wa s e s t ab ­
l i she d fo r  a l l s t r e ams in the I owa Surf a c e  Wa t e r Qua l i ty 
S t andard s . s ou th Dako t a  ha s b e en a s ked by the E . P . A .  to e s ­
t ab l i sh a p arame t e r l im i. t  for ammon i a n i t ro g en and i t i s  an ­
t i c ip a t e d  tha t S ou th D ako t a  w i l l c onform to th e I owa s t and­
ard . Mo s t  n i t r og en in fre shly - p o l lu t e d  wa t e r  i s  p re s en t  in 
7 9  
the form o r  org an i c n i trog en and ammon i a .  A s  t ime progre s ­
s e s , the organi c n i trog en i s  gradual ly c onve r t e d  t o  ammon i a  
n i trog en ; and l a t e r , i f  aerob i c  condi t i ons  a r e  pre s en t , ox i ­
dat i on o r  a:nmon i a  to n i tri t e s  and n i tr a te s o c curs ( 27 -423 ) . 
Th i s c an b e  dep i c t e d  chemi c a l ly a s  fol lows : 
P ro t e in ( 01.,g an i c  N )  + Ba c t eri a � NH3 ( Am on i a  N i t rogen ) 
2NH3 + 
302Ba c ter\2 2NO; ( N i tr ate ) +  H+ + 2H20 
- B a c t e r i a -2N02 + o2 -... �· 2NO) ( N i tl•a te ) 
Therefor e , wa t e r s  con t a in ing mo s t ly org an i c  and ammon i a  n i ­
trogen are c on s i de re d.  to hav e been re c ently p o l lu t e d. ,  where -
a s  wat e r s  w i th mo s t of the ni trogen in the form of  n i tr i te s  
and. n i t r e. t e s p o l l u t i on c an b e  a s sume d t o  hav e  o c curre d much 
e arl i e r . 
From Ta b l e 1 2 , j t  c an  b e  s e en that ammon i a  n i t rogen 
for thre e  s t at i on s  gro s s l y e xc e e de d  the l imi t o f  2 . 0 mi l l i ­
grams p e r l i te r , wh e re a s  the s t a t i on a t  S i oux C i ty had a 
me an va lue of . 6 3 mg/1 . In a wa t er p o l lut i on rep o r t for the 
Iowa r e a ch of the Big S i oux R i v e r  ( 1 4- 1 3 ) , i t  wa s f'oun d  tha t  
the Iowa s t andard o f  ammon i a  n i trog en was v i o l a t e d  for a 
di s t an c e  of ab ou t 75 rive r m i l e s  b e twe en S i oux Fal l s  and 
Akron . The r ep or t  a l s o  s t a t e d  that i t  wa s prob ab l e  to  a s ­
sume th a t  the ammon i a  n i t rogen concentra t i on cont inue d t o  
exc e ed the s t andard o v e r  the ent i re I owa re ach of  the  river , 
a di s t an c e of  1 24 r ive r mi l e s  from S i oux Fal l s  to  the rive
r 
mouth .  
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To t al pho sphorus wa s al s o  sugge s te d by the E . P . A .  t o  
be  inc luded in to the South Dakota Surfac e Wat e r  S t andards 
with a sugg e s t e d l imi t of 0 . 1 mi l l igrams p e r  l i te r . Pho s ­
phorus and ni trogen c ompounds are pre s ent in high c on c en t ra­
t ion s in dome s t i c  s ewage and fe e dl o t  runoff . In the wat e r  
p o llu t i on report for the Iowa re ach o f  the B i g  S i oux R i ve r 
( 1 4 ) men t ioned previous ly , to tal pho sphoru s wa s al s o s am­
p l e d  for o v e r  the s ame 75 mile  s tre tch of the S ioux R i v e r  
from S i oux Fal l s  t o  Akron . The values of t o t al pho s phorus 
for th i s  di s t an c e  ranged. from 6 .  7 to 3 . 0  m i l l igrru,1s p er 
l i te r . Re ferr ing to Tab l e  1 2 ,  data for t o t a l  pho sphorus 
we re av a i l ab l e  for e ight of the 1 0  s t ation s  l i s ted. .  The 
l imi t for to tal pho spho rus w a s  gro s s l y exc e e de d  for e ach of 
the s e  e ight s t a t i on s  in c luding the Big S i oux R i ver n e ar 
Bro ok i ng s ( # 2 ) , n e ar D e l l  R ap i d s ( #3 ) , b e low S i oux Fal l s 
( #5 ) ,  n e ar Br andon ( #6 ) , a t  Akron ( #9 ) , and a t  S ioux C i ty 
( #1 0 ) ·' and t r ibu t a ry s t a t i on s  in c luding Skunk C re ek ( #4 )  
and P ip e s ton e  C r e e k  ( #8 ) . An a s s ump t i on woul d b e  that ·the 
ent ire ma in s t em o f  the Big S ioux .R i ver c on t a in s  runoun t s  o f  
to tal  pho sphorus in exce s s  of the s t andard l imi t o f  0 . 1 
mill igr ams p er l i t er .  
S inc e  dome s t i c  w a s t e s  and f e e dl o t  run o fr ar e r i ch in 
bo th pho spho ru s s.n d  n i tro gen ,  i t  c oul d be as sume d tha t  whe r e ­
ever the to t al pho sphoru s s t andard was exc e e d e d , the ammo n i a  
n i t ro ge n v alue s  would al s o  b e  exc e s s i ve . N i t r a t e  dat a  a s  
N and a s NO) were t aken f o r  many of the tr ibu t ar ie s , but n o  
-A l  
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ammon i a  n i trogen dat a we r e  avail ab l e .  Thu s , it a l s o  c ould 
b e  po s s ib l e  tha t  ammon i a  n i trogen , b e ing an indi c at o r  of 
re c en t l y - pol lu t ed s tr e am s , had no t ye t b e en oxi d i z e d. to n i ­
tri te and n i tra t e . Thi s  c oul d b e  the re a s on for r e l at i ve ly 
few v i o l at ion s in n i trat e s . 
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PO INT S OUR CE LOADS AND LO CATI ONS I N  THE BAS I N  
The ma j or surf a c e  wa t er qual i ty p rob l em s  of the Big 
S i oux R iv e r  Ba s i n are a s s o c i a t e d  wi th p o l lut i ona l  mat e r i al 
r e aching surf a c e  wa t e r  from b o th p o in t  s our c e s  and n onp o in t  
s our c e s . P o in t s ourc e s  gen e ral ly inc lude mun i c ip a l an d in­
dus tr i al s e wage tre atmen t e ffluen t , fe e dlo t run o ff , o r  o the r 
s imi l ar , we l l - def in e d s ou r c e s .  Non - p o in t  s ourc e s  in c lude 
pollut i on from runoff whi ch do e s  n o t  en t e r  the surf a c e  wa ­
t e r s  a t  any d e f ine d p o in t . A p o int s ourc e  i s  a t ang i b l e  l o ­
c at i on s u ch a s  a n  e ffluen t p ip e or dra in age di t ch whi ch c an 
be e a s i ly s e en or l o c a t e d . A non - p o in t  s our c e  o f  p o l lu t i on 
may c on s i s t  c f  an e n t � r e  are a and i t s  l o c a t i on u su a l ly re ­
qu i re s  a c omp l e t e  and e xt e n s ive  s e t of s amp l ing s t at i on s  • . 
A t  th i s  wr i t ing , the s rfa c e  wa t e r  qua l i ty d a t a  prov i ­
ded. by S T ORET and s ummar i z e d  in App en d. ix B wa s n e i the r com ­
p l e te , n o r  w e r e  the s amp l ing s t a t i on s  exten s ive enough 
throughout the b a s in t o  ind i c a te the gene ral are a s  hav ing 
non -po in t s ourc e s . The �e fore , on ly p o int s our c e s of p o l lu­
t ion we r e  c on s i de re d . 
Po l lu t i on by Mun i c ipal S e wage Ef'fluen t s 
Mun i c ip al i t i e s  we re on e o f  the ma j or p o l lu t i on prob l em s 
in th e  B ig S i oux R i v e r  Ba s in ,  pr imar i ly due to the r i s e  in 
Urb an p opul a t i on . As shown in Tab l e  3 ,  the t o t al urb an p opu-
l a t ion o f the b a s in had in cre as e d by 1 1  t o  38 p e r c en t  over 
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the l a. s t  20 ye a.rs for· muiti c ip al i t i e s  of 5 00 o r  more . The s e  
exp and ing mun i c i p a l i t i e s undoub t e dly c on t r i bu t e  an in c r e a s ­
ing amoun t o f  s e wa.ge t o  the mun i c i p a l  t r e a tmen t p l an t s .  
Figur e s 5 through 1 2  a r e  s chema t i c  d i agrams of the B ig 
S i oux · R iv e r  m a in s t em and i t s  t r ibu t ar i e s from Wa t e r t o wn t o  
the M i s s our i R iv e r . The app r o xima t e  l o c a t i on s  o f  S T O RET 
s amp l ing s t a t i on �  and the mun i c ip al i t i e s  in the b a s in are 
al s o  shown o n  the s e  f i gu r e s .  E a ch mun i c ip a l i ty al ong th e 
B ig S i oux R i v e r ma in s t em o r  the mou th o f  e a ch t r i bu t ary t o  
the ma. i n  s t ern wa·s i den t i f i e d  by a river m i l e  b e g inn in g  a t  
the M i s s ouri R i v e r . The mun i c ip a l i t i e s  shown i n  Fi gur e s 5 
through 1 2  w e r e  des i gn a t e d  i n  two wa y s � tho s e  d i s charg ing mu ­
n i c ip a l w a s t e  e ffluen t s  wh i ch m ay affe c t  the s ur f a c e  wa t e r  
of the b a s in ,  an d tho s e  whi ch may o r  may n o t b e  d i s ch a rg i ng 
harmful mun i c ip a l  w a s t e s .  The s e  de s i gn a t i on s  w e r e  m a de for 
Iowa and S o uth D ak o t a  mun i c ip a l i t i e s . N o  p e r t i n e n t  i n f"o rma ­
t i on w a s f oun d  f o r  M inn e s o t a  mun i c ip a l i t i e s , but p o s s i b l e  
p o in t s our c e d i s ch a rg e r s we re s hown o n  the d i ag r am s . 
The mun i c i p a l i t i e s  s hown in Figure s 5 through 1 2  we r e  
on ly tho s e wh i ch h ad the p o t en t i al t o  d i s charge w a s t e i n 
such a way th a t  c ou l d  e v en t ual ly l e a d t o  a t r i bu t a r y  o r  main 
s t em o f  th e Big S i oux R i v e r . O f  the 8 2  mun i c ip a l i t i e s shown 
on th e d i a g r am s ,  50 we r e  foun d to b e  di s charg i n g  w a s t e s e i ­
ther in t o  a s t r e am in th e b a s i n o r  chann e l  whi ch . wa s  t r i bu­
t ary t o a s tr e am  in the b a s in ( 3 )  ( .28 ) .  Of the s e  50 mun i c i -
Pal i t ie s ,  34 we re in S o� th D a k o t a , � i th 1 6  in I ow a . O f  the 
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rema in ing 3 2  c i t i e s , n in e  were  in Sou th Dak ot a , n i n e  in 
I owa ,  and 1 4  in Minne s o t a . 
9 2  
P ar t  One of App end ix C i n c lude s a l l  av a i l ab l e  p e r t inent  
d.a t a  on mun i c i p a l wa s t e  p o in t  s ourc e s i n  the Big S i oux R i ve r  
Ba s in ,  wi th th e exc ep t ion o f  the Minne s o t a mun i c ip a l i t i e s . 
Thi s t ab l e l i s t s  the d a i ly ave rage and d e s i gn w a s t e  f l ow ,  
the de s i gn , r aw and e f f luent av er ag e  five - day BOD , the typ e 
of tre a tmen t g i v en the wa s t e , the de s c r ip t i on o f  the d i s ­
ch a rge l o c a t i on , and the 1 97 0  popu l at ion for mo s t  o f  the 
S ou th D ak o t a  and I owa mun i c ip al i t i e s .  Inc lude d in the s e  
1 05 c i t i e s w e r e  al l o f  the I owa and Sou th D ako t a  c i t i e s  
shown on Figure s 5 through 1 2  and a l s o  c i t i e s whi ch prob a b ly 
c ou l d  n o t  c au s e  wa s t e  p rob l em s in the s tre ams i n  the b a s in 
but coul d affe c t  l ake s and s l oughs . 
Of the 1 05 c i t i e s in thi s t ab l e , fa i r l y  c omp l e t e  infor­
mat ion wa s av a i l ab l e  for 34 ( P art  On e , App end ix C ) , whe re a s 
the data  for 24 c i t i e s  were on ly p art i a l l y  c omp l e t e . No in ­
forma t i on w a s  a v a i l ab l e  for 35 of the c i t i e s  and the r ema in -
ing 1 2  h a d  no tre atmen t fa c i l i t i e s . 
A s  pre s en t e d  in Append ix C ,  comple t e  or p ar t i a l  s e t s  o f  
dat a  we r e ob t a in e d  for 53 mun i c ip a l i t i e s  wh i ch u s e d  s e c ond­
ary tre a tme n t . Of the s e  5 3  mun i c ip al i t i e s , 1 3  d i s charged 
tre a te d e ff luen t d i r e c t ly in t o  the B i g  S i oux R i v e r  m a in s t em ,  
and the r ema in ing 1 2  di s charged in to l and - l o c k e d  s l ough s , 
c re ek b e d s , ��d l a 1<: e s .  Tho s e  t re a tmen t p l an t s  f' o r  wh i ch s u f ­
fi c i en t d a t a we re a v a i l a b l e  d i s p l ay e d  e ff i c i en c i e s  o f  a t  
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l e a s t 90 p e � c ent BOD removal d e sp i t e  the fac t  tha t  1 0  we re 
� e c e i v ing f l ow s  in e x c e s s of de s i gn c ap a c i ty , and 1 4  h a d  
BOD l o ad in g s gr e a t e r  th an de s igne d for . Ev en though the s e  
wa s t e w a t e r  t r e a tment p l an t s  we re op e r a t ing a t  e ff i c i en c i e s 
or 90 p e r c en t  o r  me r e , the fr e qu en t low f l ows o f  the B i g  
S ioux R ive r and i t s t r i but ar i e s  d i d  no t p rov ide suff i c i en t 
di l ut i on wa t e r  t o  re duc e the e ffluen t  c on s t i tuen t s t o  h a rm ­
l e s s  l e v e l s . 
From unpub l i s he d d a t a  for mun i c ip a l t re a tmen t  p l an t s 
us ing s e c ond ary tre a tment ( 1 7 ) ( 1 8 ) ( 1 9 ) ( 20 ) , i t  w a s  found 
tha t in many in s t an c e s the water qu al i ty o f  the r e c e i v ing 
s t r e am b e low the t r e a tmen t p l an t wa s much p o o r e r  t h an  that 
a b o v e  the p l an t . Th i s wa s e s p e c i al ly t rue in the c a s e s  of 
Wat e rtown , Brooking s , and S i oux Fa l l s . The i n c omp l e t e , bu t 
somewhat p e r t in e nt d a t a  swnmari z e d  in T ab l e  1 2  re infor c e 
the a s sump t i on tha t mun i c ipal  wa s t e s  were add ing t o  the p o l ­
lu t i on of the ma in s t em a s  we l l  a s  the t r i bu t a r i e s  o f  th e 
Big S i oux R i v e r .  
Fiv e  of the mun i c ip al i t i e s l i s te d  in Ap p en d ix C h a d  
on ly p r ima ry t r e a tmen t  f a c i l i t i e s . Of the s e  f i v e , four d i s ­
charg e d wa s t e e ffluent int o  s l ough s and l ak e s , and on e d i s ­
charg e d i n t o a s tr e am . The s e  p r ima ry t re a tme n t p l an t s p r o ­
du c e d. e fflu en t s  hi gh in BOD . Elk ton , S ou th D ak o t a  d i s ­
cha rg e d i t s  p r i m a ry e f f l u en t i n t o  a t r i b u t a ry o f  . t h e  S i ou � 
Ri v er . Du e t o  an ab s e n c e  of s amp l ing s t a t i on s n e a r  th i s  ar­
ea , d a t a  we re no t a v a i l ab l e  ind i c a t ing th e e ffe c t or the  
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high ave rage e ffluent BOD ( 26 2  mi l l igr ams p e r  l i t e r ) on the 
s tre am .  
App end i x  C al s o con t a ins  a l i s t ing o f  1 2  mun i c ip al i t i e s  
wh i ch were d i s charg ing r aw muni c i p al wa s t e s .  o.r the s e  1 2 , 
five d i s charged in t o  the B i g  S i oux R iv e r , two d i s charge d  in ­
to t r i bu t ar i e s  o f  the Big S i oux R iver , and the r emainde r  
di s charg e d  e i ther in to l and - l o ck e d  bod i e s o f  wat er o r  th e 
d i s charge l o c at i on wa s unknown . Trent and No r th S i oux C i ty 
did n o t  d i s ch arge dire c t ly in to the Big S i ou x  R i ve r but ,  in­
s t e ad , ut i l i z e d  p r i v a t e  s o i l  ab s orp t i on s y s t ems . The s e  s o i l  
ab s o rp t i on s y s t em s  c o�l d be p o t en t i al ly dange rous t o  the wa­
ter qua l i ty of the r i v e r  be cau s e  they we re l o c a t e d .  v e ry n e ar 
the r iv e r . Eg a n , Hud son , and C rooks a l l d i s charge d was t e s  
d i re c t l y in t o  the Big S i oux R i ve r . Ag a in , v e ry l i t t l e  d a t a 
were av a i l ab l e  on wh a t  w a t e r  qual i ty p ro b l ems the s e  d i s ­
charge s to the ma in s t re am and t o  the t r i butar i e s  were  c aus ­
ing . 
The STORET s amp l ing s t a t i on l o c a t e d  j u s t  s ou th of North 
S i oux C i ty r e v e al e d a p o or wa t er qual i ty . Refe rr ing t o  Ta -
. bl e 1 2 ,  i t  w a s e v i d e n t tha t  North S i oux C i ty wa s c on t r i bu­
t ing t o t h e  p o l lu t e d  condi t i on o f the s t re am s in c e  f our wa­
t e r qu a l i ty p arame t e r s  v i ol a t e d the s t an dard s . The on ly 
o ther d a t a  av a i l ab l e  on the s e  s our c e s wa s an E . P . A .  r eport 
( 21 ) on the po l lut i on prob l em c au s e d  by the raw wa s t e s  d i s ­
charge d in t o the B i g  S i oux R iver  by Hud s on , S outh D a ko t a . 
From the s amp l ing repor t a d  in the s e  inve s t i g a t i on s , i t  w a s  
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con c lude d tha t the was t ewater d i s charg e from Hud s on re sul t ­
e d  in a v i o l a t i on o f  the w a t e r  qual i t y  s t andards a s  they re ­
l a t e  t o  fe c al c o l i fo rm d en s i ty .  I t  w a s  re commen d e d  tha t  
Hud s on provide a m i n imum of s e condary t re atmen t .  
Very l i t t l e  d a t a re l a t ing t o  wa t e r qual i ty c ou l d b e  
foun d  f o r  the 3 5  mun i c i p a l i t i e s  in S ou th D ako t a  an d I owa 
wh i ch had an unknown ty p e  of tre a tme n t  and an un kn own p o in t  
o f  d i s charge . The r e a s on the s e  commun i t i e s we r e  l i s t e d  i n  
App en d ix C an d l o c a . e d  o n  Figure s 5 thr ough 1 2  w a s  th a t  in 
some c a s e s  the r e l a t i ve p ro x im i ty of the s e  c i t i e s  t o  the 
s t re am s  in the b a s in made th em p o t en t i a l  p o i n t  s ou r c e s 9 
The ap p ro x ima t e l o c a t i on s  o f  wa s t e wa t e r  c o 1 l e c t i on and 
di s c h arge f a c i l i t i e s  throughou t the Big S i oux R i v e r  Ba s in 
fo r S ou th D a k o t a  an d I owa a r e  summar i z e d  in F i gure 1 3 . The 
approxim a t e  l o c a t i on s of the mun · c i p a l i t i e s a r e  p r e s en t e d  
and the typ e o f  trc a tmer t ,  i f  any , i s  in d i c a t e d  a s  we l l .  
Many o f  the S ou t h  Dak o t a  c mnmun i t i e s  sho wn in Fi gur e 1 3  had 
app l i e d  for Fe d e r a l  g r an t s  for the c on s t ru c t i on o r  imp r o v e ­
men t o f  w a s t ew a t e r  t re a tmen t f a c i l i t i e s a t  th i s  wr i t ing . An 
eva lua t i on of the t r e a tmen t  n e e ds of e a ch mun i c i p a l i ty i s  
beyon d  t h e  s c op e  o f  thi s s tudy . The s e n e e d s  a r e  c o v e r e d in 
the I n t e r im Ba s i n P l an for the Big S i oux R i v e r  B a s in in Sou th 
Dako t a ( 3 )  and wi l l  n o t b e  d i s cu s s e d  h e re . 
f.ollut ion By I n du s t r i a l  Wa s t e  Effl uen t s  
P o in t s our c e s  o f  p o l lu t i on by i ndu s t r i e s  i n  the B ig 
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Mun i c i p a l w a s t e wa t e r  tre a tmen t p l an t  ·typ e s 
an d  l o c a t i o n s  for the Big S i oux R i v e r  Bas in 
fo r S ou th D a k o t a  and I owa . 
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S i oux R i ver Ba s in we re f ound to b e  almo s t  non e x i s t e n t . 
P ar t  Two o f  Ap p en d i x  C c on t a in s a l i s t of tho s e  i n du s t r i e s  
in S ou th Dako t a , e x c luding S i oux Fa l l s .  The i ndu s t r i a l p o l ­
lu t i on p rob l em s  i n  S i oux Fal l s  w e re b e y ond the s c o p e  o f  th i s 
rep·or t . F .i � ty - e i gh t  indu s t ri e s l o c a t e d in th e B i g  S i oux 
R i v e r  Ba s in R r e  i n c lude d in thi s t abul a t i on a l ong w i th i n ­
forma t i on c on c e rn ing the l o c a t i on of e a ch indu s t ry , waste ­
p ro du c ing a c t i v i t y , ave r ag e d i s ch arge , av e r ag e f i v e - d ay b i o ­
ch em i c a l oxy g e n  d eman d , an d t r e a tme n t . Mo s t  o f  the i n du s ­
tri e s  c on s i s t e d  · o r  sm a l l  me a t - p ro c e s s ing l o ck e r  p l an t s , 
sma l l  c r e ame r i e s , an d  sma l l g r av e l - w a s h ing op e r a t i on s . 
Ne a rl y a l l  the indu s t r i a l  w a s t e  e fflue n t s  w e r e  d i s charg e d  
in t o  the c i ty s e w e r  s y s t em an d we re t r e at e d  j o in t l y w i th the 
dome s t i c  w a s t e s . The s e  indu s t r i e s  e xe r t e d  re l a t i v e l y l i t t l e  
imp a c t o n  th e c i t y s y s t em s  due t o  the r e l at i v e l y s m a l l d i s ­
charg e an d l ow BOD of mo s t . 
De Sme t R e nd e r ing C omp any w a s  the on ly me a t - p ro c e s s ing 
ope ra t i on tha t  d i d n o t d i s charg e to a c i ty s y s t em .  In thi s 
in s t an c e , the wa s t e w a s  di s charg e d raw t o  a l an d - l o ck e d  
s lough n e ar D e  Sme t . On ly p r imary tre a tment i s  p r o v i d e d f o r  
the mun i c ip a l  wastewater a t  De Smet . C on s e qu en t l y , un t i l  
the c i t y  ad d s  s e c on d ary t r e a tmen t , the r e i s  l i t t l e  j u s t i f i ­
c at ion for r e qu i r ing the me a t  p ro c e s s in g wa s t e t o  b e  d iv e r t -
ed to the mun i c i p a l s y s t em . 
The tw o m a j o r grav e l -wa shing and m in ing o p e r a t i on s w e r e  
the R end a h l  Con s t ru c t i on C omp any in Wa t e rt own , an d L .  G .  
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Ev e r i s t  In c o rp o r a t e d in De l l  R ap i d s . B o th c omp an i e s  p ro v i de 
\ 
su i t ab l e  t r e a tm en t o f  the grav e l -wash ing w a s t e wa t e r s  thr ough 
u s e  of s e t t l i ng p onds wh i ch d i s charge in t o  the B i g  S i oux 
R i ve r . 
The on l y  d i s charg e s o f  c o o l ing w a t e r  in the b a s in o ther 
than the John Morre l l  C omp any in S i oux Fal l s , were the P a th ··  
f inde r  G e n e r a t ing P l an t  a n d  th e Lawren c e  P owe r P l an t . The s e  
f ac i l i t i e s  are l o c a t e d  n e ar S i oux Fal l s . 
Wa s t e s  from the ERO S D a t a  C e n t e r , n o r the a s t  of S i oux 
Fa l l s , c on s i s t  of t o x i c  ma t e r i a l s  such as c y an i de , b o r on , 
and pho t o g r aph i c emul s i o n s . The s e  w a s t e w a t e r s  ar e t r e a t e d  
b y  me an s of t wo a e r a t e d  p on d s , fo l l owe d b y  a p o l i sh i n g  p on d .  
The e f f l uen t i s  d i s charg e d  in t o  a t r ibut ary t o  We s t  P i p e -
s ton e C r e e k . 
P o t e n t i a l p o in t  s ou r c e s  of i n du s t r i a l p o l lu t i o n n o t in ­
c lu d e d i n  P a r t  Two o f  App e n d i x  C woul d b e  o i l  p i p e l i n e s 
t r a v e r s i ng v a r i ou s w a t e r  c our s e s . A t  thi s wr i t ing , there 
we r e f our such p i p e l i n e s c ro s s ing the Big S i o ux R i v e r . The 
Champ l i n O i l  C omp any and Mob i l  O i l  C omp any p ip e l ine s c ro s s  
the B ig S i oux R i ve r  a d j a c en t  t o  Un i on C oun ty .  The Am e r i c an 
O i l C omp any p i p e l i n e  c ro s s e s  the B i g  S i oux R i v e r  a d j a c en t  to 
L in c o ln C oun ty , whi l e the W i l l i am s  Bro the r s  p i p e l i n e  c ro s s ­
ing i s l o c a t e d in M i nn e haha C oun ty n e ar S i oux Fa l l s . An o i l  
l e ak from on e o f the s e p i p e l ine s c ould c on c e i v ab l y  c au s e a · 
s e r i ou s  p o l lu t i on prob l em . 
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P ol lu. t i on _ by L i v e 3 t9 c k  Fe e dl o t  Runo ff 
P o l lu t i on by run o ff from l i v e s t o c k  fe e d in g  op e ra t i ons 
i s  the s e c on d  l arg e s t p r ob l em c au s e d  by agr i cu l tur a l a c t i v ­
i t i e s , e xc e e de d  on l y  by s i l t a t i on . Mo s t  of the r e p or t e d 
s tudi e s  h a v e  c on c l u d e d  that , on a ye ar ly b a s i s ,  fe e dl o t  run ­
off d o e s n o t s i gn i f i c an t ly c on tribute t o  the p o l lu t i on prob ­
l em ( 1 0 ) ( 30 ) . Run o ff from f e e dl o t s u s ual l y r e a che s a wa t e r  
c o ur s e  in a hi gh s t reng th s lug wh i ch a d d s  l arge amoun t s  of 
nu t r i e n t  m R t e r i a l s  to a wa ter cour s e  an d dep l e t e s  the oxygen 
supp ly ( 3 - IV5 ) . Th e s e high- s treng th s lug s have the p o t en ­
t i a l t o  c au s e  t r emendou s  algae b l o oms and k i l l  the aqua t i c  
l i fe o f  the b o dy o f  w a t e r  re c e i v ing them . Thu s , on a sho r t ­
t e rm b a s i s , .fe e dl o t  run off wou l d  ap p e a r t o  b e  a s e r i ous 
s tre am p o l lu t i o n  p rob l em . 
In Fe b ru ary , 1 96 7 , a survey of c oun ty agen t s  was made 
to e s t im a t e the numb e r  of South Dako t a  f e e dl o t s  an d the i r 
pr ox im i ty t o  l ak e s or s treams ( 29 ) . The re sul t s  of  the sur­
vey are summ ar i z e d  in Table 1 3 . It c an be s e en f r om the t a ­
bl e tha t  the r e  i s  a v e ry l arg e  numb er of fe e dl o t s l o c a t e d  
qu i t e c l o s e  t o  s t re am s o r  l ake s .  The p o t e n t i a l  o f  p o l lu t ion 
or wa t e r c our s e s from the s e  fa c i l i t i e s  i s  o bv i ou s . 
A s tu dy ( 30 )  by Dornbush and Madden u s ing s ix e a s t e rn 
S ou th D ako t a  f e e dl o t s  h a s  shown tha t  f e e dl o t s  v ary c on s i de r­
ab ly in p o l lu t i on p o t en t i a l . It was found th a t  in e a s t e rn 
S ou th D ak o t a . ap prox ima t e ly s e ven in che s o f  runo f f , 
o r  abou t  
one - th i rd o f  the annu a l  p r e c ip i t a t i on , c an b e  e xp e c t e d  from 
Tab l e  1 3 : NU:MBER OF S OUTH DAKOTA FEEDLOTS IN 1 967 AND 
THEIR P ROXIMI TY 1ro STREAHS OR LAKES ( 29- 34 )  
S i z e  o f  Fe e d l o t  
Le s s  than 1 00 he ad 
1 00 t o  300 h e ad 
300 to 500 h e ad 
soo to 1 ,  000 h e ad 
More than 1 � 000 he ad 
To t a l  Fe e dl o t s  ( 1 967 ) 
Fe edl o t e  L o c a t e d L e s s  than 1 , 000 
f"e c t  from S t 1  .. o am  0 1�  Lake 
Numb e r  o f  Fe e dl o t s  
Cat t l e  Swin e 
1 2 , 1 09 1 0 , 31 4 
2 , 6 29 5 , 7 37 
596 1 , 560 
202 333 
1 01 7 2  
1 .5 , 6 37 1 8  , 01 6  
688 6 9 1 
1 00 
1 01 
e ach acre o f  fe e dl o t  ( 30- 31 ) .  The ye arly runoff from e a ch 
f e e dl o t  a cre was found to c arry ab ou t f ive tons or s o l i d s , 
of whi ch abou t on e -half was org an i c in nature ( 3 0 - 3 2 ) . I t  
was a l s o found th a t  ab ou t 5 30 lb s . of n i trogen , 350 lb s .  of 
pho spha t e , and 1 8 , 000 lb s .  o f  BOD a re c ont ained in the r�m ­
off from e a ch f e e dl o t  acre ( 30 - 3 2 ) . 
The on ly fe e dl o t  dat a  re l a t e d  sp e c ifi c a l ly t o  the Big 
S i oux R i v er Bas in wa s found. in a rep or t  by Fol e y  ( 1 0 )  in 
whi ch the p o l lu t i on p o t en t i a l of fe e dl o t s  along the m a in 
s t em of the Big S i oux R ive r from Wa t e r t o wn t o  S i oux F a l l s  
wa s s tudi e d . I n  an ae ri a l survey o f  th a t p or t i on o f  the 
main s t em , Fol e y  ob s e rve d  58 fe e dl o t s ne ar the rive r .  Of 
the s e  58 fe e dl o t s j i t  was found th a t  20 p o s e d a s e r i ou s  � o l ­
lut i on p r ob l em , 1 7  coul d e x e r t  s l ight p o l lut i on p ro b l em s , 
and the rema in ing 21 p o s e d  n o  p o l lu t i on p rob l em t o  the r i ­
v er . No men t i on of f e e d l o t s  b e l ow S i oux Fa l l s  wa s made . 
In o rd e r t o  p rop e r l y  e v a lu a t e l i v e s tock f e e dl o t s  a s  a 
p o t en t i a l  p o in t  s our c e  of p o l lu t i on in the B i g  S i oux R i v e r  
Ba s in , a l l  f e e dl o t s  throughou t the b a s in woul d h av e  t o  b e  
l o c a t e d . A t  thi s wr i t ing , th e numb e r  o f  reg i s t e r e d  .fe e d l o t s  
for the B i g  S i oux R i v e r  B a s in t o t a l e d  5 9  .fo r S ou th D ak o t a  
an d 1 0  fo r I owa ( 28 ) ( 3 1 ) .  R e g i s t r a t i on o f  f e e dl o t s  p r o v i de s  
e x c e l l en t  i n f o rma t i on t o  a i d  in l o c a t ing an d e v alua t i ng the 
p o l lu t i on a l  p o t en t i a l  of f e e dl o t s . Due to the e xp en s e  o f'  
corre c t ing p o l lu t i on p ro b l em s  on fe e dl o t s , many f a rme r s  in 
the Big S i oux R i v e r  Ba s in have avo i d e d  r e g i s t e r ing their 
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fe edl o t s . 
The surfa c e  water qual i ty data i n  Ap p endix B have re ­
ve al e d  indi c a t i on s  of p o s s ible  pol lut ion by fe e dl o t s . Also , 
from Tab l e  1 2 , i t  has b e en e s t ab l i she d tha t  gro s s  v i o l a t i on s  
to the s u rf a c e  water qual i ty s t andard s w e r e  app arent for 
ammon i a  n i trog en and t o t al pho sphorous in mo s t  s amp l ing s t a­
t ion s . Thus , the high nutri ent l evel  in the Bi g S ioux River 
and i t s tr ibut ar i e s coul d p o s s ibly have b e en due to f e e dl o t  
pol lu t i on ,  a l though o the r was t e s  coul d al s o  h ave contr ibuted 
t o  th i s  condi t i on e The l ack of suffi c i en t  da ta al l ows only 
sp e cu l a t i on . 
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SUMMARY AND CON CLUS I ONS 
-Th i s s tu dy wa s und e r tak en t o  d e v e l o p a s t r a t e gy t o  
ma in t a in the surf a c e  wa t e r  qual i ty o f  the B i g  S i oux R i v e r  
Ba s in . P ar t i cul a r  empha s i s  wa s g i v e n  to c omp ar i n g  th e e. ­
v a i l ab l e  surf a c e  wa t e r  qu a l i ty d a t a  c o l l e c t e d fo r the Ba s i n  
t o  the sur•f a c e  wa t e r  qu a l i ty s t an d ard s  for I owa and t o  the 
s t andard s for Sou th Dako t a . Effo r t s  we r e a l s o  made t o i ­
den t i fy n on - p o in t s our c e s  o f  p o l lu t i on . 
I n f o rm a t i on p e r t a in ing t o  b a s in d e s c r ip t i on , g e o l ogy , 
c l ima t e , p o pu l a t i on , e c onomy and d e v e l opmen t wa s ga th e r e d. 
fo r a s  much o f  the B i g  S i oux R i v e r B a s in a s  p o s s i b l e . A 
d i s c u s s i on o f  the g r oun d wa t e r an d sur f a c e  wa t e r  hydro l o gy 
of the b a s i n wa s i n c lud e d. ,  w i th sp e c i a l empha s i s  on the 
f l ow ch a r a c t e r i s t i c s of the s t re ams in the b a s in . The amb i ­
en t w a t e r  qu a l i ty wa s d e r i v e d  through the us e o f  d a t a f o r  
23 s amp l in g  s t a t i on s i n  the b a s in .  The e f fe c t s o f  th e En ­
v i r onmen t a l  P r o t e c t i on Ag en c y  sugge s t e d  r e v i s i on s  t o  th e 
sur f a c e  w a t e r qua l i ty s t andards o f  S ou th Dako t a  we r e  a l s o 
d i s cu s s e d .  F in a l ly , p o l lu t i o n a l  p o in t s ourc e l o ad s an d l o ­
c a t i on s  w e r e e v a l ua t e d  a c c o rding t o  mun i c i p a l , in d u s t r i a l , 
and l i v e s t o c k  f e e d l o t s our c e s fo r the b a s in . 
I t  s ho u l d  b e  empha s i z e d t h a t  the S i oux Fa l l s  a r e a  wa s  
g i ve n i n ade qu a t e  con s ide r a t i on i n  th i s  s tudy . 'l1he s c op e and. 
d i v e r s i t y o f a s s o c i a t e d  w a t e r  qu a l i ty p r o b l em s  in the S i oux 
Fa l l s  a r e a ar e of suff i c i en t  magn i tud e t o  n e c e s s i t a t e  a s e p -
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ara t e  s tudy . 
Ba s e d  up on the def ini t i on of wa t e r  qual i ty man a g ement 
as d e s crib e d  he re in , the fo l l owing con c lus i on s  s e em to b e  
jus t i f i e d : 
1 .  Fo r the l as t  20 ye ars the r e  ha s b e en a migra t i on 
of the rur a l  popu l a t ion and the popul a t i on l iv ing in town s  
w i th l e s s  than 5 0 0  peop l e , t o  l arge r  mun i c i p al i t i e s  wi thin 
the Big S i oux R i ver B s in .  The popu l at i on pro j e c t i on s  f or 
coun t i e s in Sou th D a ko t a  wi th in the Big S i oux R i ver Ba s in 
show that  th i s  migr a t ion i s  l ike l� to con t inue . Thus , the 
quan t i t i e s  of mun i c i p a l wa s t e s  di s charg e d  in t o wa t e r  c our s e 8  
of the b a s in wou l d  b e  exp e c t e d. t o  inc re a s e , n e c e s s i t at ing 
the c on s t an t  upgrad ing of mun i c ip al was t e wat e r  t re a tmen t 
p l ant  f a c i l i t i e s . 
2 .  Surfa c e  wa t e r  hyd.rolog i c  char a c t e r i s t i c s h av e  shown 
tha t low , o r  a lmo s t  n e g l i g i b l e  flows have b e en re c o rded a t  
mo s t fl ow - r e c ording s t at i on s  along the ma in s t em , a s  we l l  as 
the ma j or tr ibut ar i e s of the Big S i oux River Ba s i n , exc ep t 
for the s t a t i on a t  Akron , I owa . Cons idering the amoun t o.f 
pol lu t i on a l  ma t e r i al b e ing d i s charg ed into the wa t e r  c our s e s  
o f the b a s in , d i lu t i on water from a tr i but ary r e s ervo i r 
s ourc e  c oul d  gre a t ly imp r ove the surf a c e  wat e r  qu a l i ty o f  
the b a s in a t  t ime s o f  ext reme ly l ow fl ow . Ev en though the 
surfac e wa t e r  qua l i ty da t a  are l imi t e d , from the dat a ava i l ­
ab l e , i t i s  indi c a t e d that the u s e  o f  a re s e rv o i r on the 
ma in s t em o f th e  B i g  S i oux R i v e r would be in ad v i s ab l e  b e c au s e 
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the high nut r i en t  l e ve l s  in the B ig S i oux R i v e r  a b o v e  and 
b e l ow S i oux Fa l l s. Imp oundmen t s  ne ar Fl andre au and/o r C an t on 
would b e  que s t i on ab l e  for thi s  re a s on .  
3 . In r e v i e wing the Env i ronme n t al P ro t e c t i on Agency 
r e comme n d e d  revi s i on s  t o  the S outh D ako t a  surf a c e  wa t e r  
qu al i ty s t andards , i t  i s  app ar en t  tha t  if the s e  change s  are 
adop t e d , the S outh Dako t a  s t andards w i l l  gr e a t ly r e s emb l e  
the s t an dard s of I owa . The n e w  Cl a s s A Wate r s  c l a s s i f i c a­
t i on woul d  p robab ly rep l a c e  the Imme r s i on Sp o r t s R e c r e a t i on 
C a t e gory of the p re s en t  s t andards . Th e n e w  C l a s s  B Wat e rs 
c l a s s if i c a t i on would prob ab ly repl a c e the Limi t e d  C on t a c t  
R e c re a t ion C a t egory and the Wi l d  L i fe Prop ag a t i on and S to c k  
.Wa t e r ing C a t e gory . Al s o , thi s  n e w  c a t e go ry would b e  divid­
e d  in t o C l a s s B Warm and C l a s s  B C o l d  Wa t e r s , thu s e l imin a ­
t i ng th e f i v e s ub c l a s s i f i c at i on s  o f  the p r e s en t Fi sh L i fe 
P rop ag a t i on C a t egory 4 The rema in ing four b en e f i c i a l  us e 
c a t e go r i e s o f  the p re s ent s t an dards would p rob ab ly r ema in 
th e s ame . 
4 . The surfa c e  w a t e r  qua l i ty d a t a  t aken from the 
STORET s y s t em for th e 2 3  s amp l ing s t at i on s i n  the B i g  S i oux 
R iv e r  Ba s in we r e  in mo s t  c a s e s  e i the r in c omp l e t e or unrepre ­
s en t at i v e  for the 21 p arame t e r s  de eme d imp o r t an t fo r e va lua ­
t ion of surf a c e  wa t e r  qual i ty .  D a t a  for such p a r ame t e r s a s  
d i s s o lv e d  oxygen ,  t o t a l  su s p ende d s o l i ds , ammon i a  n i t rogen , 
fe c al and t o t a l  c o l i forms , f ive - d ay b i o chem i c al o xygen de ­
mand , turb i d i ty , and cyanide s we re no t f ound fo r mo s t  o f'  the 
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s amp l ing s t a t i on s . 
5 .  In the EPA r e c ommendat i on s  to the surf a c e  wa t e r  
qual i ty s t andards of S ou th Dako ta , i t  was sugge s t ed that  a. 
l imi t for ammon i a  n i trogen be  e s t ab l i sh e d .  I f  the I owa l im­
it o f  2 . 0  m i l l i grams p e r  l i t e r  i s  e s t ab l i sh e d  for S outh Da­
k o t a , the e n t i r e  ma in s t em of the Big S ioux R i v e r  b e l ow 
S i oux Fal l s  and p o s s i b ly up s tre am from S ioux Fal l s  would be 
in gro s s  v i o l a t i on of the s t andards . 
6 .  Ev e ry s ta t i on for whi ch pho sphorus d a t a we r e  re ­
p ort e d  in di c a t e d that t o t al pho sphorus  l eve l s  were i n  e x c e s s 
of the p rop o s e d S outh D a ko t a S t andard of 0 . 1  mi l l igr ams per 
l i t e r . Th i s  p arame t e r  was v i o l a ted from Wa t e rtown t o  North 
S i oux C i ty ,  i n d i c a t i ng tha t  high nutri e n t  wa s t e s  we r e  p o l ­
lut ing the r i ve r . Due t o  in suff i c i en t  s amp l ing d a t a , the 
s ourc e s  of th e s e w a s t e s c oul d n o t  be d e t e rm i n e d .  P o s s i b l e  
s ourc e s  in c lude p o in t  s our c e s such a s  mun i c ip al wa s t e s  and 
f e e dl o t r,unof.f , as we l l  as n on - p o in t s ourc e s  such as runo ff 
from agr i cul tura l  l and s . 
7 .  To p rop e rl y  m an ag e  the s urfa c e  wa t e r  qu a l i t y of the 
b a s in , a c omp l e t e  s e t  o f  p e r t in e n t  da t a  .for  p rop e rly l o c a t e d  
s amp l ing s t a t i on s  are n e c e s s ary . S TORET do e s  n o t con t a in a 
comp l e t e  s e t  o f  p e r t inent  da t a , nor do e s  i t  u t i l i z e  p rop e rl y 
lo c a t e d s amp l i ng s t a t i on s . 
8 .  De sp i t e wa s t e w a t e r  t re a tme n t p l an t  e f fi c i en c i e s o f 
90 p e r c en t  or more , mun i c ip a l i t i e s , e s p e c i a l ly Wa t e r t own an d 
S i oux Fa l l s , w e r e  p o s s i b l e  c au s e s  o f  wa t e r  qu�l i t y p rob l em s  
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r e sul t i ng from d i s charge s of l arge · volume s of e ff l u e n t  in to 
r e l a t i v e ly l ow - fl ow s tr e am s . 
9 . Pert inent da t a  r egarding tre a tmen t f a c i l i t i e s  of 
mun i c i p al i t i e s  re quire d  for a wat e r  qua.l i ty man ag e ment 
s t r a t e gy would be s imil ar to tha t li s t e d  in Part On e , App en ­
d i x  C .  The l a ck o f  s ome o f  thi s  dat a made i t  imp o s s i b l e t o  
d e t e rm i n e  the influen c e o f  c e r t ain muni c ip al d i s charge s on 
down s t r e am wa t e r qu a l i ty .  
1 0 . Po int s our c e s of harmful indu s t r i al p o l lu t i on to 
the B i g  S i oux R i v e r  Ba s in were almo s t  non exi s t en t . Wi th a 
growing urb a.n p opul a t ion in the b as in , mo r e  indus t ri e s  wi l l  
b e  a t t r a c t e d  t o  mun i c ip al i t i e s  i n  the future . C on s e quently , 
there would app e a r to b e  a p o t en t i al for a future in d us t r i al 
wa s t e  prob l em . 
1 1 . Du e t o a l a ck of informat i on on the l o c a t i on s and 
p o l lu t i on p o t e n t i al of f e e dl o t s  in the Big S i oux R iv e r  B a s i n , 
i t  wa s imp o s s i b l e t o  draw a de fin i t i v e  con c lus i on re g a rd ing 
the e ffe c t  l iv e s to ck feedl o t runoff on the wat e r  qual i ty in 
the b a s in .  
1 2 . Non - p o in t  s our c e s  of p o l lut i on w e r e  no t in c lud e d in 
thi s  s tudy du e to the l a c k  of p e rt in en t wa t e r  qua l i ty d at a . 
S amp l ing s t a t i on l o c a t i on s  al s o  were not suf f i c i en t l y  r e p r e ­
s en t at i v e throughou t the b a s in to s ep ara t e the e rf e c t s  or 
p o in t  s our c e p ol lut ion from non - p o in t  e f f e c t s  on wat e r  qua l -
i ty wi thin the b a s in .  
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REC OMViENDAT I 0 NS 
Bas e d on the r e sul t s  of th i s  inve s t iga t i on , the fo l ­
lowing re c ommenda t i on s  are made with r e sp e c t  t o  the deve l op ­
men t o f  a wi d e r  d a t a c o l l e c t i on e ffort for the e n t i re Big 
S i oux R i ve r  B a s in t o  fac i l i t a t e  prop e r  man ageme n t of surfa c e  
wat e r  qual. i ty ;  
1 .  A . c omp l e t e  s e t  of p arame t e rs b a s e d  on the surface 
wat e r  qual i ty s t andards should b e  s amp l e d  throughou t the 
bas in on a mon thl y  b a s i s  or l e s s , dep endent up on t rends s e t  
by we a the r ,  p o l lut i on s ource s ,  and the chara c t e r i s t i c s  o f  
the p ar ame t e r  i t s e lf .  Table  1 4  repre s en t s  a s amp l e data 
she e t  f o r  r e s p e c t ive  s amp l ing s t at ions  in the Bi g S i oux R i v ­
er Bas in . The p arame t er s  l i s t e d  were de eme d t o  b e  comp l e te 
b a s e d upon b en e f i c i al us e c a t e gori e s  app l i c ab l e  t o  the Big 
S i oux R i v e r  Ba s in .  However , a cert a in amoun t of f l e xib i l i ty 
mu s t  b e  ma in ta i n e d  in orde r to  s amp l e , e valua t e , and r e co rd 
da t a  on o ther p o l lut an t s  such a s  he avy me t a l s ,  toxin s , o r  
radi onu c l i d a s , when i t  b e come s app aren t tha t  the s e  may b e  
pre s en t  i n  s ign i f i c an t  con c entrat i on s . Me thods u s e d  in t ak ­
ing and analy z in g  s amp l e s  should b e  b as e d  up on on e s e t  o f  
s t andard s i n  o rd e r  to ma in t a in con t inui ty .  
2 . S amp l ing s ta t ion s  shoul d be s o  l o c a t e d  abov e and 
be l ow mm1 i c i p a l  wa s t e  di s chargers that  an i d e a  o f the p o l ­
lu t i on a l  inpu t o f  tho s e wa s te s  c an b e  as c e r t a in e d . Ma j or 
tribut ari e s  should al s o  be  s amp l e d  at  a l o c a t i on befo re c o
n -
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Table  1 4 :  DATA COLLECTION TABLE FOR SURFA C E  WA TER QUAL I TY 
SAMPLING STATIONS 
S t a t i on : 
Locat ion : 
S ampl ing P e riod : 
P ar amet er 
Flow ( cfs ) 
pH 
T t ( OF )  emp era ure 
Di s s o l ve d Oxyg en { mg/1 ) 
To t . Di s s olved  So l i ds ( mg/1 ) 
To t . Su spend e d  S o l i d s  ( mg/1 ) 
N i trat e s  a s  N ( mg/1 ) 
N i trat e s  a s  N03 ( mg/1 ) 
Ammon i a  Ni trogen ( mg/1 ) 
To t al Pho sphoru s ( mg/ 1 ) 
Fe c al C o l i fo rms ( MPN/1 00ml ) 
Total C o l i forms ( MP N/1 00ml ) 
Five Day BOD ( mg/ 1 ) 
Tot al  A lka l in i ty 
( mg/1 a s  c a.co 3 ) 
Spe c if i c Conduc t ance  
(mi cromn o s / cm@25 ° C )  
Turb idi ty ( j . c . u . ) 
Chlor ide s ( mg/1 ) 
Cyanide s ( mg/ 1 ) 
To tal I ron ( mg/1 ) 
Sodium Ad s o rp t i on r a t i o  
Solub l e  S od ium ( % )  
S tandard 
Me an Dev i a t i on Maximum Min imum 
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flu en c e  w i th the S i oux R i ver in o rde r t o  b e t t e r e v alua t e 
and i s o l a t e  p o l lu t i on s our c e s  o r ig in a t ing on the t r i bu t ar ­
i e s . Figur e 1 4  d i s p l ay s  the appro xima t e lo c at i on o f re c om ­
men de d s amp l i ng s t a t i on s  in the Big S i oux R i v e r B a s in . 
) . A c omp l e t e  and cur1' e n t  s e t  of s e wag e l o ad an d. p l an t 
e ff i c i en cy d a t a  should b e  ma in t a in e d  f o r  e a ch s e wag e t r e a t ­
men t p l an t i n  th e b a s in . Re c ommende d d a t a  t o b e  ma in t a ined 
on at l e a s t a w e e k l y  b a s i s  a r e  a s  fol l ows : inf lu e n t and 
e f f lu e n t  f l o w , f i v e  day BOD , t o t a l s u s p e n de d  s o l i d s , di s ­
s o lved oxygen , p H , fe c a l  col i forms , and t emp e r a ture ; p e r c en t  
remov a l  o f  f i v e  day BOD and t o t al s u sp ende d s o l ids ; and the 
approxima t e  p o pu l a t i on of the are a s e rv e d  by th e t r e a tmen t  
p l a n t . O th e r  wa s t e l o ad and e ff i c i en cy d a t a  s hou l d  b e  ma i n ­
t a in e d by t r e a tm en t p l an t  p e r s on n e l a s  r e qu i r e d  by t h e  6har­
ac t e r i s t i c s  o f t h e  i n f lu e n t  wa s t e . 
4 .  A l l  indus tr i al sour c e s  o f  p ol lu t i on shou l d  b e  i den ­
t if i e d .  I t  shou l d b e  de t e rm in e d  whe th e r  the indu s t ry t r e a t s  
i t s own wa s t e and , i f  s o , t o  what d e gre e ; o r  whe th e r  the i n ­
du s t ry d i s charg e s  i t s was te  ind e p enden t of t h e  mun i c ip a l  
t r e a tme n t  p l an t  i n  the are a , i f  on e e x i s t s . P a r am e t e r s s am ­
p l e d wou l d  be dep enden t up on the c har a c t e r i s t i c s of the 
wa s t e , and the e x t en t of t r e a tmen t or p r e - t re a tme n t .  I .f  the 
r e s p e c t i v e i n du s t ry tre a t s  i t s own w a s t e  an d d i s charg e s in ­
de p e n d en t l y , i t  should fo l l ow tha t influ en t  an d e ffluen t  
wa s t e l o ad mon i t o r ing b e  s imi l a r t o  th a t  men t i on e d  f o r  mtin i ­
c ip a l  t r e a t me n t  p l an t s . However , i f  the i n du s t ry d i s charge s 
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Figure 1 4 :  L o c a t i on map o f  re c omm e n d e d  wa t e r  
s amp l i n g  s t a t i on s i n  th e B i g S i oux 
R i ve r  B a s in .  --------------------------------------- -- ----------------� 
1 1 1  
1 1 2  
raw wa s t e i n t o  the mun i c ip al tre atmen t sy s t em , s ome ind i c a ­
t i on of the s t rength o f  the l o ad should b e  made ava i l ab l e . 
The wa s t e c on t r i bu t i on in th i s  c a s e shoul d b e  e v alua t e d  .fo r 
f iv e  d ay BOD , c ap a c i ty and fre quen c y o f  wa s t e  f l ows , and 
any unu s ual was t e  chara c t e ri s t i c such a s  t oxin s , h e avy me t ­
al s , e t c . The av a i l ab i l i ty o f  thi s  info rma t i on woul d a i d  
the tr e a tmen t  p l an t op erator i.n ma i n t a in ing p l an t  e ff i c i en cy . 
5 .  Ba s in s tud i e s on l i v e s t o ck fe e dl o t  p o i n t  s ourc e s o f  
p o l lu t i on shou l d  b e  made , l o c a t ing e a ch fe e d l o t  in t h e  b a s in .  
S amp l ing s t a t i on s  should be s e t up on s tr e ams t o  a s c e r t a in 
the e f f e c t o f  r e c e iv ing fe e dl o t run o ff in s i gn i f' i c an t  quan ­
t i t i e s . 
6 �  The p o s s i b i l i ty of l o c a t ing non - p o in t  s ourc e s  o f 
po l lu t i on b y  remo t e  s en s ing de v i c e s  such a s  i n fr a r e d  a e r i al 
pho t o gr aph s s h ou l d  b e  s tu d i ed .  From s u ch pho t o g r a ph s , the 
s our c e s  o f  a l g a e  growth in r i v e r  w a t e r  c oul d be l o c a t e d , a s  
we l l  a s  p o s s i b l e s our c e s o f  nutr i en t c omp ound s . 
7 .  A l l  the d a t a  l i s t e d  he re in shou l d  b e  c omp i l e d  and 
pub l i sh e d  p e r i o d i c a l ly t o  p rovide current i nforma t i on e s s en ­
t i a l f o r  p rop e r  man agemen t  of the sur f a c e  wa t e r qua l i ty o r  
the B ig S i oux R i v e r  Ba s in .  The S TORET s y s t em c ould b e  us e d  
t o  org an i z e  and s to r e  thi s da t a ,  b u t  inp u t s  from d a t a  s ourc e s  
woul d have to b e  c on s i s t an t and re l i ab l e . 
8 .  A du a l  sy s t em o f  s t re am an d e ff luen t wa t e r  qu a l i ty 
s t an d a rd s s hou l d  b e  c on s i d e re d  b y  S ou th D ako t a . A s y s t em o f 
th i s typ e c oul d s imp l i fy b a s in wat e r  qu a l i t y managemen t by 
1 1 3 
r.e qu i ring n o t  only s t re am qu a l i ty dat a , but al s o  wa s t e e f ­
fluen t da t a . 
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in the B i g  S i oux B a s in f o r  S ou th D ak o t a  
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1 1 8  
1 9�0 1 960 1 97 0  1 98 0{� 
D ay C oun ty 1 2 , 294 1 0  , 5 1 6 8 , 7 1 3 6 , 9 33 
Bri s t o l  647 56 2  47 0 
But l e r 1 09 62 38 
Gr e env i l l e  207 1 5 1 1 54 
L i ly 1 39 1 1 9  6 2  
R o s lyn 222 256 25 0 
Waub ay 8 7 9  85 1 696 
We b s t e r 2 , 503 2 , 409 2 , 25 2  
R ob e r t s  C oun t:t: 1 4 , 929 1 3 ' 1 90 1 1  , 6 7 8  9 , 9 26 
O r t l ey 144 1 27 1 1 1  
Summi t 431 28 3 332  
t!ar s h a l l C oun ty 7 , 8 35 6 , 66 3 5 , 965 5 ,  1 1 0  
Eden 1 49 1 36 1 32 
Lake C i ty 1 1 0  81  44 
Gran t C oun ty 1 0 ' 23 3 9 , 91 3 9 , 005 7 , 7 08 
C o d i ngton C ou12!l 1 8 , 944 20 , 220 1 9 , H�O 1 7 , 58 1  
Fl o r en c e 226 21 6  1 7.5. 
Henry 3 23 276 1 8 2 
Kr an z burg 1 1 0  1 56 1 43 
Lak e  K amp e s k a  300 26 1 1 , 400 
S ou th Sho r e  269 25 9 1 99 
Wa l l a c e  1 88 1 3 2 95 
Wa te I"' t o wn 1 2 ' 699 1 4 , 07 7 1 3 , 388 
Deue l C oun t;t 7 , 68 9  6 , 7 8 2  5 , 68 6  4 , 5 30 
A l t amon t  76 7 7 54 
Br an d t  21 1 1 48 1 32 
C l e a r L a k e  1 , 1 05 1 , 1 37 1 ,  1 57 
T o r o n t o  3 22 268 21 6 
furk C oun ty 8 , 36 9  7 , 1 34 5 , 5 1 5 4 ,  1 00 
Bra d l e y  226 1 88 1 5 7 
G a r d en C i ty 28 2 226 1 26 
Nap l e s  6 2  36 38 
Wi l l ow Lake 484 467 35 3 
1 920 
H am l in C oun ty 7 , 058 
Bry an t 6 24 
Cas t l ewood 498 
Es t elline 7 6 0  
Hayti 41 3 
Hazel 1 6 1 
Lak e  Norden 37 3 
K i ngs bury C ow1 ty_ 9 , 96 2  
Arl ing t on 1 , 096 
Badg e r  1 80 
De Sme t 1 , 1 80 
Erw in 1 54 
H e t l an d  1 23 
Lak e Pre s ton 957 
Oldham 349 
Bro o k i ngs C oun t� 1 7 , 8.5 1  
Aurora 202 
Broo k ings 7 , 7 64 
Bru ce 304 
Bu s hn e ll 96 
Elk t o n  657 
S in a i  1 8 1 
Volga .578 
White 5 25 
Lake C oun ti 1 1  ' 7 92 
Che s t e r  1 60 
Mad i s on .5 , 1 5 3  
Nun d a  1 02 
R amon a 278 
Wen t w o r) th 27 0 
Mo o d1 C o un ty 9 ,  25 2 
Co lman 509 
Eg an 347 
Fl andre au 2 I 1 9 3 
T1" en t 21 3  
Ward 96 
1 960 
6 , 303 
.5 22 
5 00 
7 22 
425 
1 28 
39 0  
9 , 227 
996 
1 1 7  
1 , 324 
1 .57 
1 07 
954 
291 
20 , 046 
23 2 
1 0 , 558 
27 2 
9 2  
621  
1 66 
7 8 0  
41 7 
1 1  , 764 
21 8 
5 , 420 
1 06 
247 
21 1 
8 , 8 1 0  
5 05 
3 1 0 
2 , 1 29 
2 3 2  
74 
1 970 
5 , 5 20 
502 
5 23 
6 24 
393  
1 01 
393 
7 , 657 
9.54 
122 
1 ,  3 36 
1 6 0 
8 1  
8 1 2 
244 
22 , 1 .5 8 
237 
1 3 , 71 7 
21 7 
65 
.5L� 1 
1 46 
98 2 
41 8 
1 1  , 456 
27 7 
6 , 3 1 5 
85 
227 
1 96 
7 , 6 22 
456 
281 
2 , 021 
1 77 
51 
1 1 9 
1 980·� 
4 , 08 2  
6 ' 21 1 
22 , 99.5 
1 0  ' 7 37 
6 , 490 
1 20 
1 9�0 1 960 1 97 0  1 98 0* 
M inn ehaha C oun ty 7 0 , 91 0 86 , 575 95 , 209 1 0 2 , 81 0  
Bal t i c  255 278 364 
Brandon 250 356 656 
C o l t on 5 21 5 93 60 1 
C or s on 60 75 1 00 
Crook s 1 20 1 43 1 67 
De l l  Rap i d s  1 , 650 1 , 86 3 1 ,  991 
Ga1�re t s on 745 85 0  847 
Har tfo rd 26 3 255 1 84 
Humb o l d t  45 0 446 41 1 
Sherman 1 20 1 1 6 82 
S ioux Fa l l s 5 2 , 6 96 65 , 466 7 2 , 488 
Vall ey S p r ing s 389 47 2  5 66 
L i n c o ln C oun t:t: 1 2 '  767  1 2 , 37 1 1 1  , 761  1 1  , 041 
C an t on 2 , 5 30 2 , 5 1 1 2 , 6 65 
F a i rv i e w  ·1 55 1 01 7 2  
Harr i sburg 274 31 3 3 38 
Hud s on 500 455 366 
T e a 1 5 1 1 88 302 
Wor thing 27 2 304 294 
Un i on Coun ti 1 0 , 7 9 2  1 0 , 1  9 7  9 , 643 9 ,  1 8 2 
A l c e s t e r  585 47 9 6 27 
Nor th S i oux C i ty 35 0 7 36 86 0 
* P ro j e c t i on s  a c quire d from P rof � Wagn e r  o f  Rur a l  So c i o l ogy 
( Re f e ren c e  25 ) 
A P P END IX B 
Wa t e r  Qu a l i ty D a t a  for the s amp l ing s t a t i on s  in th e 
B i g  S i oux R i v e r  Ba s in t aken from the S TORET 
sy s t em on Augu s t 8 ,  1 97 1  
1 21 
1 22 
AMBIENT WATER QUALITY AT STREAM MONITORING STATION 1 
S tat i on : Big S ioux Rive r ne ar Wat ertown , S . D .  
Loc a t i on : L a t i tude - 44° 50 ' 30 " Long i tude - 97 ° 03 ' OO " 
RM- 3 1 0 
S ampl ing P e r i o d : June 1 967 to  Mar ch 1 97 1  
S t andard 
P arame t e r  
Fl ow { cf s ) 
pH 
Me an Devi at i on Maximum M in imum 
Temperature ( °F ) 36 . 2  
Di s s o l ve d  Oxygen ( mg/1 ) 9 . 5 3  
To t . D i s s o l ved S o l i d s  ( mg/1 ) 476 
To t . Sus p ende d S o l i ds ( mg/1 ) 
N i tra t e s  a s  N ( mg/1 ) 
N i trate s a s  N03 ( mg/1 ) 
Ammon i a  N i trogen ( mg/1 ) 
T o t a l  Pho sphoru s  ( mg/1 ) 
0 . 356 
Fe c a l  Co l i forms  ( MPN/ 1 00ml ) 289 . 9  
T o t a l  C o l i forms { MPN/1 00rnl ) 
Five  Day BOD ( mg/1 ) 
To t a l  A l kal in i ty 
( mg/1 as C aco3
) 
Spe c if i c C ondu c t an c e  
( m i c romno s / cm@25
°
C )  
Turb i d i ty ( j . c . u . ) 
Chl or i de s (mg/1 ) 
Cy an ide s ( mg/1  ) 
To tal  I ron ( mg/1 ) 
Sod ium A d s o rp t i on rat io 
Solub l e  S o d ium { % )  
202 . 6  
705 
Jl) . 6  
0 . 1 85 
. 41 4  
6 . 8 1 4  
4 . 3 1  
249 . 9  
. )22 
1 9 3 .  9 
6 0 . 6  
262 . 3 
22 . 4  
. 1 02 
0 . 80 
580 
7 . 40 
28 . 4  
3 . 6  
1 64 
o . oo 
22 
264 91 
64 . 0  o . o 
0 . 26 0  0 . 006 
AMBI EN T  WATER QUAL I TY AT STREAM MON I TOR I N G  S TAT I ON 2 
· S t a t ion : Big S i oux R i ver n e ar Brook ing s , S . D .  
Lo c a t i on : L at i tude - 44° 1 0 ' 45 rw Long i tude - 96° 4 ' 55 " 
RM- 236 
Samp l ing P e ri od : O c tob e r  1 96 7 t o  Jun e  1 97 1  
S t andard 
1 23 
f arame t e r  Me an Devi a t ion Maximum M in imum 
Flow ( c f s ) 
p H  
1 1 8 
7 . 8 1 
Temp e r a ture ( °F )  5 1 . 0  
D i s s o l v e d  Oxygen ( mg/ ) 
To t . D i s s ol ve d  So l id s ( mg/1 } 56 3 
To t . Su s p ende d S o l ids ( mg/1 ) 
N i t r a t e s  a s  N ( mg/1 )  
N i t r a t e s  a s  No3 ( mg/1 ) 
Ammoni a N i t rog en ( mg/1 ) 
T o t al Pho s phorus  ( mg/1 ) 
Fe c a l  C o l i forms ( MPN/1 00ml ) 
To t a l Co l i form s ( MPN/1 00ml ) 
Fiv e Day BOD ( mg/1 } 
To t al A l k a l in i ty 
( mg/1 a s  C aco3 ) 
Sp e c i f i c  Condu c t ance  
( mi cromno s / cm@25 °C ) 
Turb i d i ty ( j . c . u . ) 
Chl orid e s  ( mg/1 } 
C y an i de s  ( mg/1 ) 
T o t al I ron ( mg/1 ) 
Sod ium Ads o rp t i on r a t i o  
Solub l e  S o d ium ( % )  
0 . 642 
2 . 54 
0 . 21 
237 
8 1 3 
1 9 . 2  
0 . 0 37 
o . 64 
1 3 . 9 
1 1 5 
. 238 
1 7 . 2  
1 03 
. 658 
2 . 6 9 
. 3 25 
44 . 8  
1 1 8  
6 . 3 2 
. 028 
. 1 68 
2 . 97 
365 
8 . 2  
7 7 . 0  
860 
2 . 5 
1 1  • 0 
0 . 50 
378 
1 ,  1 3 0 
3 2 . 0  
0 . 09 
0 . 90 
1 8 . 0  
6 . 9  
7 . 5  
3 2 . 2  
37 1 
o . o 
o . o  
o . o  
7 . 0  
560 
4 . 8 
o . o  
0 . 30 
7 . 0 
AMBI EN T  WATER QUAL ITY A T  S TREAM MON ITOR ING S TATI ON 3 
S t a t i on : B i g  S i oux R i v e r  n e ar D e l l R ap i d s , S . D .  
1 24 
Lo c a t ion : L a t i tude - 43° L�? ' 25 " Long i tude - 96 °  44 ' 4 2 "  RM- 1 77  
S ampl i ng P e r i o d : Oc t o b e r  1 967 to July 1 971 
S t andard 
_P_a_r_am_e_t_e_r ____________________ M_e_a_n. ____ D_e_v_i a t i on Maximum M i n imum 
Fl ow ( cf s ) 
pH 
1 , 5 9 3  
7 . 84 
Temp era ture ( ° F )  50 . 3  
D i s s o l v e d  Oxygen ( mg/1 ) 
To t . D i s s o l v e d  S o l i d s  ( mg/ 1 ) 5 74 
To t . Su s p en d e d  S o l i d s  ( mg/1 ) 
N i tra t e s  a s  N ( mg/1 ) 
N i tr at e s  a s  N0 3 ( mg/1 ) 
Ammon i a  N i t rogen ( mg / 1 ) 
To t a l Pho s pho ru s  ( mg/1 ) 
Fe c a l  C o l i fo rm s  ( MPN/ 1 00ml ) 
To t a l  C6 l i fo rm s  ( MPN/1 00ml ) 
F i v e  Day BOD ( mg/1 ) 
To t a l  A l k a l in i ty 
( mg/1 a s  C a c o 3 ) 
Sp e c i f i c  C on du c t an c e  
( m i c romn o s / cm@25 ° C ) 
Turb i d i ty { j . c . u . ) 
Chl o r i d e s ( mg/1 ) 
Cy an ide s ( mg/1 ) 
To t a l  I ron ( mg/ 1 )  
S od ium Ad s o rp t i on r a t i o  
S o lub l e  S o d ium ( % )  
1 . 56 
.5 . 23 
0 .  l+ 7.5 
21 4 
8 29 
0 . 0 34 
0 . 1 15 
1 6 . 1 2 
6 , 749 
• 28 1 
1 7  . 5 
1 53 
1 .  27 
.5 . 0 
. 1 44 
5 1 . 3 
1 98 
. 021 
. J.5 2 
5 . 1 8  
38 , 900 
8 . 5 
78 . 8  
9 6 6  
4 . 4 
1 9 . 0  
0 . 66 . 
3 2.5 
1 ,  320 
1 90 
0 . 09 
2 . 8  
45 . 0  
1 • 0 
7 . 299 
3 2 . 2  
21 2 
o . o  
0 . 1 0  
0 . 30 
7 8  
3 39 
7 . 5  
o . o  
0 . 30 
6 . 0  
1 25 
AMBIEN T  WATER QUALITY AT STREAM MON I TORI NG STATI ON 4 
S t a t i on : S kunk Creek ne ar S i oux Fal l s , S . D .  
Lo c a t ion : Lat i tude - 43° 32 ' 38 " Long i tude - 96 ° 48 ' 27 "­
§ampl ing P e r i od : O c tob er 1 96 7  to Jun e 1 971 
S t andard 
Parame t e r  Me an D e v i a t i on Max i mum M in imum 
Flow ( cf s ) 
pH 
Temp e rature ( °F )  
Di s so lved  Oxyg en ( mg/1 
67 . 45 
7 . 84 
51 . 3 
Tot . D i s s o l ve d  Sol i ds ( mg/1 ) 6 21 
To t .  Su s p en d e d  S o l ids  ( mg/1 ) 
N i t ra te s a s  N ( mg/1 ) 0 . 7 1 6 
N i t rate s a s  No 3 ( mg/1 ) 
2 . 0 3 
Ammon i a  N i t rogen ( mg/1 } 
To tal Pho s phoru s ( mg/1 ) 
Fe c al C o l i form s  ( MPN/1 00ml ) 
To t a l Col i fo rms  ( MPN/1 00ml ) 
Five Day BOD ( mg/1 ) 
To tal  A l kal ini ty 
( mg/1 as Caco 3 ) 
Sp e c i fi c Conduc t an c e  
( mi c romno s /cm@25°C ) 
Turb i d i ty ( j . c . u . )  
Chlo r i d e s ( mg/1 ) 
Cy an ide s ( mg/1  ) 
To tal I ron ( mg/1 ) 
S o d ium A d s orp t i on ra t i o  
So lub l e  S od ium ( % )  
0 . 45 
235 
860 
1 2 . 0 
0 . 048 
0 . 43 
9 . 0  
1 60 
. 21 
1 8  . 1  
238 
• 8 1  
1 .  97 
. 07 1  
268 
7 � 6 7 
. 045 
. 1  7 
2 . 48 
554 
8 . 6 0 
84 . 4  
1 ,  220 
2 . 0  
6 . 90 
a . s o 
o .  01 
7 . 40 
3 2 . 2  
1 96 
o . o  
o . o  
35 9  8 3 
1 , 500 284 
36 . 0 2 .  l+ 
0 . 1 5  
1 . oo 
1 7 . 0  
o . o  
0 . 20 
6 . o  
·1 26 
AMBI EN T  WATER QUAL ITY AT STREAM MON ITORING S TA T I ON 5 
S t a t i on : Big S i oux R i ver b e l ow S i oux Fal l s , S . D .  
Lo c a t i on : La t i tude - 43° 35 ' 25 " Long i tude - 96 ° 35 ' 38 " 
S ampl ing P e r i od : June 1 96 1  t o  January 1 971 
S t s.ndard 
Parame t e r  Me an D ev i a t i on Max imum M in i mum 
Fl ow ( c f s ) 
pH 
Temp era ture { °F )  
D i s s o l v e d  Oxygen ( mg/1 ) 
To t . D i s s o l v e d  S o l i d s  ( mg / 1 ) 
To t . Su s p ende d S o l " d s  ( mg/1 ) 
N i t ra t e s a s  N ( mg/1 ) 
N i t r a t e s  a s  No 3 ( mg/1 ) 
Ammon i a  N i trogen ( mg/1 ) 
To t a l Pho sphoru s  { mg/1 ) 
Fe c a l  C o l i form s  ( MPN/1 00ml ) 
31 1 
7 . 8 1 
49 . 7  
5 . 51 
7 7 8  
9 . 30 
5 .  21 
3 . 74 
T o t a l C o l i form s  ( MPN / 1 00ml )  1 . 9x1 0
6 
Fi ve Day BOD ( mg/1 ) 27 . 26 
To t a l  A l k a l in i ty 237 
( mg/1 as C aco 3 ) 
Sp e c ir i c Conduc t an c e  1 , 06 1  
( m i c romno s / cm@25 ° C ) 
Turb id i ty ( j . c . u . ) 95 . 5 
Ch l o r i de s { mg/1 ) 1 1 9  
Cy an i d e s ( mg/ 1 )  
To t a l  I ron ( mg/1 ) 
S o d ium Ad s o rp t i on r a t i o  
S o lub l e S o dium ( % )  
0 . 024 
689 
. 309 
1 5 . 4 
3 . 06 
285 
1 1 . 9  
7 . 20 
3 . 20 
7 . Sx1 06 
48 . 7  
614- . 7 
3 75 
8 7 . 9  
1 01 
. 0 32 
7 , 8 7 0  
8 . 7  
64 . 4 
1 2 . 5  
1 , 6 36 
6 3 . 5  
4 2 . 0  
1 o . o  
95 . 0x1 0
6 
8 . o  
6 . 2  
3 2 . 2 
o . o  
6 6  
2 . 1 
0 . 1 0  
0 . 3 3 
380 o . o  
599 7 2  
1 , 655 3 20 
8 00 o . o 
5 20 4 . 0 
0 . 1 28 0 . 001  
AMBI EN T WATER QUAL ITY AT S TREAM MON ITORING STATION 6 
S ta t ion : B i g  S i oux R i ver n e ar Brandon , S . D .  
1 27 
Lo c a t i on : L a t i tude - 43 ° 36 ' 25 " Long i tude - 96° 37 ' 55 " 
RM - 1 40 
. 
S ampl ing P e r i o d : O c tob e r  1 9 6 7  to Augu s t  1 971 
S t andard 
P arame t e r Me an Devi a t i on Maximum M in imum 
Fl ow ( c f s } 
pH 
Temp e r a ture ( °F )  
208 
7 .  25 
51 . 9  
Di s s ol v e d. Oxygen ( mg/1 ) 
To t . D i s s o l ve d  S o l i d s  ( mg/1 ) 7 39 
To t . Su s p ende d S o l i d s  ( mg/1 } 
N i t r a t e s  a s  N ( mg / 1 ) 
N i t r a t e s a s  N0 3 ( mg/ 1 ) 
Ammon i a  N i trogen ( mg/1 ) 
To t a l  Pho s phorus ( mg/1 ) 
Fe c al Co l i fo rms ( MP N /1 00ml ) 
To t a l  C o l i fo rms ( MPN/1 00ml ) 
Five Day BOD ( mg/1 ) 
To t a l  A lkal in i ty 
( mg/1 a s  c ac o 3 ) 
Sp e c i f i c  Condu c t an c e  
( m i c romn o s / cm@25° C ) 
Turb i d i ty ( j . c . u . ) 
Chl o r ide s ( mg/1 ) 
Cyan i de s  ( mg / 1  ) 
To t a l  I ron ( mg/1 ) 
Sodium A d s orp t i on r a t i o 
Solubl e S od ium ( % )  
1 .  07 
9 . 26 
7 . 78 
2 . 95 
5 . 07 
21 6 
1 093 
27 . 8 
1 3 2 
0 . 08 
3 . 2  
38 . 0  
385 
1 . 7 9  
1 7  . 6  
3 1 2 
1 .  05 
. 23 . 3  
8 . 57 
3 9 7 0 
3 . 1 1  
7 9 . 9  
57 1 
2 1  . 8  
1 08 
0 
3 . 25 
28 . 3  
1 , 990 
8 . 4 
7 8 . 8  
1 ' 290 
4 . 1 0  
1 04 
34 . 0 . 
1 8 . 0  
7 . 60 
3 28 
2 , 27 0  
7 5 . 0  
340 
0 . 08 
5 . 5 
5 8 . o  
1 6 . 0  
0 . 01 
3 2 . 2  
31 9 
o .  01  
0 . 90 
o .  01 
o .  01 
1 . 6 0  
94 
o .  01 
8 . o  
JO 
0 . 08 
0 . 9  
1 8 . 0  
.. 
1 28 
AMBIENT WATER QUALITY AT STREAM MON ITORING STATI ON 1 
Stat ion : Sp l i t  Ro ck Creek near Brandon , S . D .  
Lo ca t i on : Lat i tude - 43° 35 ' 1 4 " Long i tude - 96° 33 ' 41 " 
S ampl ing P e r i od. :  O c tob er 1 967 to August 1 968 
S t andard 
P arame t e r Mean Dev i a t i on Max i mum M in imum 
Fl ow ( cfs ) 
pH 
Temperature (
°
F ) 
1 2 . 04 
7 . 79 
53 . 2  
D i s s o l v e d  Oxygen (mg/1 ) 
To t . Di s s ol v e d  S o l i d s  ( mg/1 ) 425 
To t . Sus p ende d Sol ids ( mg/1 ) 
N itrate s as N ( mg/1 ) 
N i t rat e s  a s  N0
3 
( mg/1 ) 
Ammon i a  N i trogen ( mg/1 ) 
T o t a l  Phosp horus ( mg/1 ) 
Fe cal Col i forms ( MPN/1 00ml ) 
Total Col iforms ( MPN/1 00ml ) 
Fi ve Day BOD ( mg/1 ) 
Total A l kal in ity 
( mg/1 a s  c aco
3
) 
Sp e c i f i c  Conduc tan c e 
( mi cromnos./ cm@25
°
C ) 
Turb i di ty ( j . c . u . ) 
Chl ori de s ( mg/1 ) 
Cyan i d e s  ( mg/1 ) 
To tal  I ron ( mg/1 } 
Sod i um A dsorption r a t io 
S o lub l e  S odium ( % } 
2 . 1 4  
3 . 52 
246 
6 7 9  
1 9 . 03 
0 . 0 34 
0 . 6 0 
1 l+ . 1  
7 . 8 2  
. 299 
1 8 . 6  
1 30 
1 . 49 
3 . 36 
7 2 . 6  
1 85 
1 1  . 67 
• 0 2 1  
. 1 91 
2 . 96 
21 . 7 
8 . 4 
80 . 8  
7 39  
4 . 5  
1 1 . 0 
26 2 
0 . 3 
o . 6  
449 1 7 0 
1 , 1 20 4 29 
40 � 0  6 . 2  
0 .  08 o .  01  
0 . 90 0 . 30 
1 9 . 0  1 0 . 0  
1 29 
AMBIENT WATER QUALITY AT STREAM MON I TOR I NG STAT I ON 8 
S t a t i on : P ip e s t one Cre ek 1 . 5 mi l e s  from Mouth in Minne sota  
Lo c at i on : L a t i tude - 43
° 
58 1 49 " Long i tude - 96° 26 1 06 " 
S ampl ing P e r i od : Apr i l 1 964 to De c emb e r  1 969 
P arame ter 
Flow ( cf s ) 
pH 
Temperature ( °F )  
D i s s o lv e d  Oxygen ( mg/1 ) 
To t . D i s s o l v e d  S o l ids ( mg/1 ) 
To t . Suspended S o l ids  (mg/1 ) 
N i tra t e s a s  N ( mg/ 1 ) 
N i trate s a s  N0 3 ( mg/1 ) 
Ammon i a  N i t rogen (mg/1 ) 
T o t a l  Pho sphoru s  ( mg/1 ) 
Fe c a l  Col ifo rms ( MPN/1 00ml ) 
Tot al C o l iforms ( MPN/1 00ml ) 
Five  Day BOD { mg/1 ) 
Tot a l  Alkal ini ty 
( mg/1 as  C aco 3 ) 
Spe c if i c C ondu c t an c e  
( m i cromno s / cm@25°C )  
Turb idi ty ( j cu )  
Chl o r i d e s ( mg/1 ) 
Cy an i de s ( mg/1 ) 
To t a l  Iron ( mg/1 ) 
Sod ium .Ads orp t i on Rat io  
So lub l e  S o d ium ( % )  
S -tanc:iard 
Me an De v i a t i on Max imum Min imum 
7 . 7 8 
56 . 1  
6 . 7 7 
42 . 9  
75 2 
7 . 09 
8 .  34. 
2 . 96 
28 , 95 3 
o . 2x1 06 
23 . 48 
259 
1 , 000 
31  . 6  
1 09 
o . os 
o . 65 2  
• 35 1 
1 8 . 21 
5 . 1 0  
28 . 0 
1 37 
1 3 . 95 
1 1 . 07 
2 • .58 
7 1  , 241 
o . 5x1 06 
3L� . 9 
31 . 1  
236 
29 . 9  
66 . 0 
0 
• 31 8 
8 . 60 
8 2 . 0 
1 5 . 3  
1 30 
98 0  
49 . 0  
7 . 30 
31 . 0 
o . o  
8 . o  
5 3 0 
o . 88 
29 . 0  0 . 36 
1 0 . 0  0 . 30 
2�.0 , 000 7 0  
6 2 ., 4.x1 0 490 . .  
1 1 0  4 . 0 
3 20 21 0 
1 , 400 
1 20 
21 0 
0 . 05 
1 .  00 
68 0 
3 . 6  
3 . 1  
0 . 05 
0 . 1 0 
1 30 
AMB I ENT WATER QUALITY AT STREAM MONITORING STATI ON 9 
S t a t ion : B i g  S i oux Rive r a t  Akron , Iowa 
Lo c a t i on : La t i tude - 42° 49 ' 1 4 " Long i tude - 96° 3 3 ' 1 1 "RM-46 
P e 1�i o d : O c tober 1 967 to June 1 97 1  
S t an dard 
Parame t e r  
Flow ( cf s ) 
pH 
M e an Dev i at i on Maximum M in imum 
5 , 699 
7 . 75 
Temp erature (
°
F ) 56 . 2 
Di s s ol ve d  Oxygen ( mg/1 ) 
To t . Di s s o l v e d  Sol ids  ( mg/1 ) 647 . 3  
To t . Su sp ende d So l i d s ( mg/1 ) 
N i trat e s  a s  N ( mg/1 )  3 . 8 7  
N i t r a t e s a s  No 3 ( mg/1 ) 
Ammon i a  N i trog en ( mg/1 ) 
To t a l Pho sphoru s  ( mg/ 1 ) 
Fe c al C o l i fo rms ( MPN/1 00ml ) 
To t a l  C o l i fo rms ( MPN/ 1 00ml ) 
Fi ve Day BOD ( mg/1 ) 
To t a l A l k a l in i ty 
( mg/ 1  a s  C a co 3 ) 
Sp e c i f i c C on du c t an c e  
( m i c romno s / cm©25
°
C ) 
Turb i d i ty { j cu }  
Chl o r i de s ( mg/1 ) 
Cy an i de s ( mg/1 ) 
To t a l  I r on { mg/ 1 ) 
S o d ium Ad s o rp t i on R a t io 
S o lub l e  S od ium ( % )  
1 5 . 96 
0 . 8 33 
700 
1 6 0 
21 7 
9 39 
56 . 5  
. 035 
1 . 1 7  
21 . 9 
1 6 ,  9 1 6 
. 256 
1 8 . 2 
1 76 
. 585 
0 
0 
225 
32 . 3  
. 026 
. 5 1 8 
7 . 1 0  
6 6  , 5 0 0  1 7 1 
8 . 3 7 . 3 
8 2 . 4  3 2 . 2 
1 . 0 3 0  25 3 
1 2 . 0  o . o  
5 2 . 0  1 . 2  
1 . s . 0 . 4  
7 0 0  7 00 
1 6 0 1 6 0 
3 23 
1 , 1 5 1 
1 27 
0 . 1 0  
2 . 20 
34 . 0 
1 37  
o . o  
0 . 30 
9 . 0  
1 31 
AMBIENT WATER QUALITY A T  STREAM MON ITOR I NG S TAT I ON 1 0  
S t at i on : B ig S i oux R i v e r  a t  S ioux C i ty ,  I owa 
Lo c a t ion : La t i tude - 42° 31 ' 28 " Long i tude - 96° 28 ' 47 " RM-5 
Sam:eling P e r i o d : July 1 969  to S ept emb e r 1 97 1 
S t andard 
P arame t e r  
Flow ( cf s ) 
pH 
Me an De v i at i on Max imum Min imum 
1 , 37 2  
7 . 7 9 
Temp e rature ( F0 )  5 2 . 2 
Di s so lv e d  Oxygen ( mg/1 ) 8 . 49 
T o t . D i s s o l v e d  S o l i d s  ( mg/ 1 ) 5 29 
To t . Su sp ende d So l i ds ( mg/1 ) 
N i t r at e s a s  N 1 . 40 
N i tr at e s as N0 3 ( mg/1 } 
Am on i a  N i trogen ( mg/1 ) 0 . 6 27 
To t a l  Pho spho rus ( mg/1 ) 0 . 38 7 
Fe c a l  Co l i f o rm s ( MPN / 1 00ml ) 1 7 , 861 
To t al C o l i fo rms ( MPN/1 00ml ) 2 , 85 7  
Fi v e  Day BOD ( mg/1 ) 6 . 6 9 
To t a l  A l ka l in i ty 
( rng/1  as C a C O  3 )  
Sp e c ifi c Condu c t an c e  
( mi cromn o s / cm@25°C )  
Tu rb i di ty ( j cu ) 
Chlo r i de s  ( mg/1 ) 
Cy an i de s ( mg/1 ) 
To t a l I r on ( mg/1 ) 
Sod ium A d s o rp t i on R a t i o  
So lub l e S o d ium ( % )  
240 
791 
50 . 8  
31  . 6  
0 . 007 
0 . 61 3 
1 3  . 8  
1 , 7 78 
. 3 7 
1 7 . 9  
3 . 96 
1 84 
• 91 
. 845 
. 247 
34 , 7 6 3  
3 , 65 3  
2 . 22 
66 . 9  
267 
5 1 . 4 
1 8 . 9 
• 01 2 
. 3 27 
5 . 37 
6 , 1 6 0 1 6 1 
8 . 3 7 . 1  
75 . 2  
1 5 . 6  
784 
3 . 0  
3 . 1 0  . 
1 .  00 
1 0 , 000 
9 , 600 
1 1 . 20 
3 07 
3 2 . 2 
4 . 4 
234 
1 • 0 
0 . 02 
0 . 1 6  
64 
250 
2 . 80 
1 1 3 
1 , 1 50 340 
1 50 2 . 50 
50 . 0  6 . 0  
0 . 02 o . oo 
1 . 1  0 
22 . 0  
0 . 20 
7 . 00 
1 32 
Twe l v e  s amp l ing s t at i on s  from the STORET S ys tem had in­
suffi c i ent dat a for the purpo s e s  of thi s s tudy and thus w e re 
no t t abul at e d .  The y  were a s  fo l lows : 
Brok en Ke t t l e  Cre ek n ear Adav i l l e , I owa 
L a t i tud e 42° 43 ' 20 " Long i tude 96° 28 •  08 " 
Bro k e n  Ke t tl e C r e e k  ne ar S ioux C i t y ,  I owa 
La t i tude 42° 38 ' 1 6" Longi tude 96 ° 30 ' 28 " 
Ind i an C r e e k  near Chat sworth , I owa 
L a t i tude 4 2° 5 3 '  OO " Long i tude 9 6° 30 ' OO " 
S i x M i l e  C re ek n e ar Chat s worth , I owa 
L a t i tude 4 2° 56 ' OO " Longi tude 96
° 
29 1 OO " 
S i.xmi l e  Cre ek ne ar Bro ok ings , S . D .  
Lat i tude 44
° 20 ' 46 " Long i tude 96° 44 ' 51 "  
S i xmi l e  C r e ek at Bro ok ing s ,  S . D .  
L a t i tud e 41+0 20 ' 46 " Longi tude 96° 44 ? 5 1 " 
W i l l ow C reek n e ar Watertown , S . D .  
La t i tude 44
° 5 3 '  24 " Longi tude 97 ° 04 ' 47 " 
B i g  S i oux R iv e r b e l ow Wa t e r t own , S . D .  
LH t i tude 4 ° 5 2 ' 30 " Long i tude 9 7 ° 05 ' 48 " 
Be av e r  C re e k n e ar C anton , S .D . 
La t i tude 43° 1 9 ' 04 " Long i tude 96° 36 ' 31 1 1  
Hi dewo o d  C re e k  n e ar Es t e l l ine , S . D .  
Lat i tude 44° 36 ' 42 " Long i tude 96° 54 ' 1 7 "  
S trayhor s e  Cre e k  n e ar C a s t l ewo od , S . D .  
L a t i tude 44° 43 ' 5 2 "  Long i tude 96° 57 '  2 3 "  
B i g  S i oux R iv e r  at Wa t e r t o wn ,  S .D .  
L a t i tud e 44° 5 6 ' 26 " Long i tude 97 ° 08 ' 42 " 
A P P ENDIX C 
T a bul a t e d L i s t s  o f  P o in t S our c e s  o r  P o l lu t i o n 
in the B i g  S i oux R i ver Ba s in 
C au s e d  by Mun i c i p a l i t l e s  and I n du s t r i e s . 
1 3 3 
Part 1 : MUN I C I PAL P O INT S OUR CES O F  P OLLUT I ON IN THE BI G S I OUX R I VER BAS I N  ( 3 ) ( 28 )  
C ommun i ty Name D i s charge �H�1 97 0 Typ e of  Flow ( MGD ) Five D ay BOD ( mg/1 ) 
P opu -
( C oun t:£ )  To l a t  i on Tre a tment Da i l� De s ign D e s ign R aw Effluen t 
Br i s to l  L an d  Lo cke d 470 S e c ondary . 033 . 1 08 266 255 1 3  
( Day )  L ak e  Be d 
But l e r  Unknown 38 Unkn own 
( D ay )  
Gre e nv i l l e  Unknown 1 54 Unknown 
( Day ) 
. L i ly Unknown 6 2 Unkn o wn 
( D ay ) 
Ro s lyn Slough 
( D ay )  
250 S e c ondary . 035 . 030 340 340 34 
W a ub ay S l ough t o  696 P r imary . 049 . 080 204 347 224 
( D ay )  Bit ter  Lake 
Web s t e r  
( Day ) 
Waub ay Lake 2 , 25 2  S e c on dary . 1 80 . 5 00 1 35 46 2 27 
O r t l e y  Unkn own 1 1 1 Unknown 
( Robert s )  
Sillnmi t  Unkn own 332 S e c on d ary 
( Robert s ) 
. 0 23 . 040 1 6 3 285 31  
, Eden L an d  Lo c k e d  1 3 2 P r imary 
( Marshall )  
. 009  . 020 225 364 26 2 
Lake C i ty Unkn o wn 4  Unknown 
( M ar sha l l ) 
Fl oren c e  Unkn o-wn 1 75 S e c ondary • 01 2 • 031 200 1 8 0 1 8  � 
( C o d ing ton ) v.> -t=" 
P ar t  1 : ( Cont inue d ) ·  
C ommun i ty N a.me D i s ch arge �H�-1 97 0 Typ e of Flow (MGD ) F i v e  Day BOD (mg/1 ) 
P opu -
Tre atment Da i lyDe s ign D�§ig;n Ra}-r_;Ef.f'lu�nt ( County ) To l at i on 
Henry Unknown 1 82 Unknown 
( C od ing ton ) 
Kran zburg Unknown 1 43 Unknown 
( C oding t on ) 
Le.ke K ampes ka. So i l  Ab s orp t ion 1 , 400 N one 
( Codington ) Sy s t em s  
S outh Shore Unknown 1 99 Unknown 
( Codington ) 
Wal l a c e  Unknown 95 Unknown 
( Co d ing ton ) 
Wa t e r t own Big S i oux 1 3 ' 388 S e c ondary 2 . 92 4 . 04 520 244 5 
( Cod ington ) R i v e r  
A l t amon t Unknown 54 Unknown 
( Deue l ) 
Brandt Unknown 1 32 Unknown 
( Deue l ) 
C l e ar -Lake Hi dewoo d 1 .# 1 57 S e condary . 1 02 . 2.so  98 280 29 \ 
( Deue l ) Cre ek 
To ron t o  Unknown 21 6 Unknown 
( Deuel ) 
Bradley Pot  Hol e  1 5 7 Non e 
( C l ark ) 
Garden C i ty Dry Lake 1 26 None ...:. w 
( Clark ) \1\ 
Pat•t 1 : ( Con t inue d )  
Commun i ty N ame D i s charge ·:H:·1 970  Typ e of Flow ( MGD ) Five Day BOD ( mg/1 ) 
P opu-
{Coun t::!� To l a t i on Tre atmen t Daily De� ign Re s ign Raw Effluent -
N a:o 1 e s Unknown 38 Unknown 
·( Cl ark ) 
Wi l l ow Lake Wi l l ow Lak e  353 P rimary . 040 . 050  245 31 3 21 1 
( C l ark ) 
Bryan t Land Lo cke d 502 S e condary . 038 265 25 
( H aml in ) Slough 
C a s tl ewood B i g  S ioux 5 23 S e condary • 21 3 . 225 272 340 34 
( H aml in ) R iver 
E s t e l l in e  B i g  S i oux 6 24 Se condary . 044 ; . 055 253 294 29 
( Haml in ) R iver 
Hay t i  Wa s t e  Way from 393 S e condary . 090 . 036 340 1 60 21 
( Ham l in ) Marsh L ake 
Ha z e l  Unknown 1 01 Unknown 
( Haml in ) 
Lake Norden Lake S t . John 393 S e condary . 031 . 21 9  205 1 43 1 4 
( Haml in ) 
Arl ington Smal l  Creek 954 S e condary . 08 3  . 1 20 255 226 50 
( King s bury ) to  Dry Draw 
' Badger  Unknown 1 22 Unknown 
( K ing s bury ) 
De Sme t S i lver Lake 1 , 336 Primary . 1 07 . 07 0  291 294 226 
( K ing s bury ) Land Locked 
Erwin Unknown i 6 0 Unknown � 
( King sbury ) w 
O" 
P ar t  1 : ( C on t inue d )  
C ommun i ty N ame D i s charge �H:-1 97 0 Typ e  of Fl ow ( MGD ) Five D ay BOD ( mg/1 } 
P opu-
( C oun ty ) _ To lat ion Tr e a tment D a i ll D e s ign D e s ign R aw Effluen t 
He t l and Unknown 81  Unknown 
( K ing sbury ) 
Lake P r e s t on L ak e  Pre s t on 8 1 2 S e c ondary . 065 . 1 40 204 408 41 
( King s bury ) 
O l dham Dry Draw to 244 S e c ondary . 01 7  . 036 207 1 98 20 
( King s bury ) S l ough s 
Aurora Tr ibutary t o  237 None 
( Br o o k ing s ) Me dary C re ek 
1 . 50  
: 
. 820 1 60 43 Brook ing s S ix M i l e 1 3 ,  7 1  7 S e c ondary 290 
( Brooking s ) C r e e k  
Bruc e  Unknown 21 7 Unknown 
( Brook ing s )  
Bu shne l Unknown 65 Unknown 
( Brook ing s )  ' 
El k t on Spr ing Cre ek 
( Brook ing s ) 
541 P r -imary . 047 . 060 274 31 6 204 
S inai  . 
( Brook ing s )  
S l ough 1 47 S e c ondary • 01 1 • 01 0 245 245 
Volg?- Big S i cux 98 2 S e c ondary . 430 . 490 560 650 57 
( Br o o k ing s ) R i v e r  
Whi t e  S ix M i l e  41 8 S e condary . 029 . 029 422 279 68 
( Brook ing s ) Creek 
Che s t e r  Sku.Ylk C r e e k  277 S e c ondary • 01 9 . 0 30 238 225 22 � 
( Brookings ) w -J 
P ar t  1 :  ( C on t inue d )  
Communi ty Na.me Di s charge �H�-1 9 7 0  Typ e o f  Flow ( MGD ) Five Day BOD (mg/1 ) 
Popu-
___J C oun t:;y:L T o  l at i on Tre atment Dai l� De s ign De s ign R aw Effluent 
Madi s on S i l v e r  Cre e k  6 , 31 5  S e cond.ary 2 . 20 1 . 4 347 625 47 
( L ake ) t o  L ake Madi s on 
Mun da Unknown 85 Unknown 
( Lake ) 
R amon a Unknown 227 Non e  
( Lake ) 
Rut l and * Unknown 75 Unknown 
( L ake ) 
Wen twor th Unknown 1 96 Non e 
( Lake ) 
Colman B ache l o r  C r e e k  456 S e c ondary . 040 . 034 300 225 22 
( Moo dy ) ·-·- -·· ·-- ---·- --- ·---
Eg an Big S i oux 281 Non e 
( Mood y ) R i v e r  
Fl andre au Big S ioux 2 , 027 s e·c ondary . 1 6 2 . 200 31.6 1 50 40 
( Moody ) R i v e r  
Tren t S o i l  Ab s orp t i on 1 7 7 None 
( Moody ) Sy s t ems 
\ 
Unknown 57 Ward Unknown 
( Mo ody ) 
Bal t i c  B i g  S ioux 364 �te condary . 025 . 040 1 91 275 31 
( Minnehaha ) R i v e r 
Brandon B i g  S i oux 656 S e con d ary . 046 . 300 204 20 0  20 ....lO w ( Minnehaha ) R ive r Ct:J 
P art 1 :  ( Con t inued )  
C ommun i ty N am e  Di s charge J,Hr1 97 0 Typ e of Fl ow ( MGD ) Fiv e Day BOD (mg/1 ) 
P opu -
( C oun ti )  To l at i on Tr e a tment D a i l� D e s ign D e s ign Raw Effluen t 
C o l t on Skunk C r e e k  601 S e cond ary . 042 . 070  1 81 296 30  
( Minnehaha ) 
C oi-' s on Sp l i t  Ro ck 1 00 S e condary . 007 225 22  
( Minnehaha ) 
C ro o k s  B i g  S i oux 1 67 Non e 
( Minnehaha ) R i v e r 
D e l l  R ap i d s  B i g  S i oux 1 ,  991 S e condary . 1 80 . 1 50 1 1 3  285 29 
( Minnehaha ) R i v e r  
Ea s t  S i o� Fal l s �r Unknown so Unknown 
( Minnehaha ) 
Garre t s on Sp l i t  Ro c k  847 S e c ondary . 068 . 1 50 1 1 3  285 29 
{ M inn ehaha ) Cre ek 
H ar t f o rd Skunk C r e e k  1 84 S e cond ary 
{ Minnehaha ) 
. 090 . 036 340 1 6 0 21 
Hurnb o l d t Skunk C r e e k  41 1 S e c ond ary . 029 1 79 1 8  
. ( Minnehaha ) 
Renn 9r�- Unknown 1 50 Unknown 
( M innehaha ) 
She r·man Unkn own 82 Unknown 
( Minnehaha ) 
S i oux Fa l l s B i g  S i oux 72 , 488 S e c on dary 9 . 00 1 0 . 00 1 53 3000 30 
( Minnehaha ) R i v e r  
V a l l ey Sp r ing s Be a v e r  Cr e e k 566 S e c ond ary . 040 31 9 32 � 
( Minn ehaha ) w -.D 
P ar t  1 :  . ( Con t inue d )  
C ommlli'1 i  ty N ame D i s charge �H:·1 970 Typ e of  Flow { MGD )  Five Day BOD (mg/1 ) 
Popu-
� C oun t:y: ) T o  lat  i on Tre atment Dai l� Desisn De s ign R aw Effluen� 
C an ton B i g  S i oux 2 , 665 S e condary • 21 3 . 225 2 7 2  340 34 
( L in co ln ) R i v e r  
Fa irv iew Unknown 7 2  Unknown 
( L inc oln ) 
Harr i s burg N ine M i le 338 None 
( L in coln ) Creek 
Hud s on B ig S i oux 366 None . 029 306 306 
( L incoln ) R i v e r  
Te a N ine Mi l e  302 S e condary . 021 . 01 4  5 1 0  383 39 
( L in co ln )  C re ek 
Worthing Snak e Cre e k 294 S e c ondary 
( L in co ln ) 
. 021 . 040 204 204 
A l c e s t e r  Br·ul e  C r e ek 6 27 S e cond ary 
( Un i on ) 
. 05 9  . 048 340 274 55 
North S ioux C i ty S o i l  Ab s orp t i on 860 Non e  
( Un i on ) Sy s t em 
R i ch l an d -�:- Unknown 65 Unknown 
( Union ) 
Sp ink�} Unknown 25 Unknown 
( Un i on ) 
We s t f i e l d , I a .  B i g  S ioux 1 87 S e c ondary . 026 
( Plymouth ) R i ve r  
Akron , I a .  Big Sioux 1 ,  35 1 S e c ondary . 07 0  -"' +:-
( P lymouth ) R iver 0 
P ar t  1 :  ( C on t inue d )  
C onunun i t y  N ame D i s charg e ·;H�1 970 'I'yp e o f  Fl ow ( MGD ) F i v e  Day BOD ( mg/1 ) 
Popu -
( Coun ty) To l a t i on Tre a tm e n t  Da i ly De s ign De s ign Raw Efflu e n t  
C arme l , I a . Unknown 1 00 Unkn own 
( S i oux ) 
Haw arden , I a .  B i g  S i oux 2 , 544 S e cond ary 
( S i oux ) R i v e r  
Hul l , I a . Tr· ibut ary to 1 ,  289 S e condary . 080 50 
( S ioux ) Ro ck R iv e r 
I r e t on , I a . Tr ibut ary to 5 1 0 S e c ondary . 040 
( S i oux ) R o ck R i v e r  
60 
L e b anon , I a . Unknown Unknown 
( S ioux ) 
R o ck V a l l ey , I a .  Tr i bu t ary t o  1 , 6 9 3  S e c ondary . 1 08 
( S i oux )  Ro ck R ive r  
30 
A l v o r d , I a .  Mud Cre e k  238 S e c on d ary • 01 7 
( Ly on ) 
25 
Doon , I a . L i t t l e  R o ck 436 S e c ondary . 044 
( Ly on ) R iver 
60 
Ge orge , I a o  L i t t l e  Ro ck 1 , 200 S e c on d ary . 070  
( Lyon ) R iv e r  
30 
Gran i te , I a . Unknown Unknown 
( Ly on ) 
Inwoo d , I a . Tr ibuta.ry t o  6 38 S e c ondary . 1 6 1 
( Lyon ) Big S i oux R i v e r  
45 
Kl ond ike , I a . Unknown Unknown 
( _Lyon ) 
� 
+:-.... 
P art 1 :  ( C on t inue d ) 
C ommun i ty N ame D i s charge *�� 1 97 0 Typ e of Flow ( MGD ) F i v e Day BOD ( mg/1 ) 
P opu -
( C oun ty ) T o  l a t i on Tre a tm en t Da i ly D e s ign D e s ign R aw_ Effluen t  
L a r c hwo o d , I a .  
( Ly on ) 
Le s t e r , I a . 
( Ly on ) 
L i t tl e  R o c k , I a .  
( Ly on ) 
Ro c k  R ap i d s  . I a . 
( Ly on ) 
S i b l e y , I a . 
( O s c e o l a ) 
T r i but ary t o 
B i g S i oux R iv e r  
Mud. C r e ek 
L i t t l e  Ro ck 
R iver 
R o c k R i v e r  
O t t e r  C r e ek 
M i l ln e rv i l l e , I a .  Unkn own 
( P l ymou th ) 
Ap av i l l e , I a .  Unknown 
( P lymouth ) 
Chat s worth , I a . 
( S i oux ) 
Unknown 
5 31 S e c ondary . 0 30 35 
2 39 S e c on dary . 01 5  25 
564 S e condary 1 00 
2 , 7 8 0  S e c ond ary . 1 6 1 40 
2 , 85 2  S e c ondary 2 . 88 9 0  
Unknown 
Unknown 
Unknown 
* The s e c i t i e s w e r e  a dded t o  the orig in al t ab l e  from . referen c e  3 due t o  the ir l o c a ­
t ion and pollu t ion po ten t i al 
** P opul a t ion Dat a t aken from the 1 97 0  C en sus 
-"" ,.._ -t-
1\.) 
P ar t  2 :  WASTE PRODUC ING I NDUSTRIES IN  SOUTH DAKOTA I N  THE BI G S I OUX R I VER BAS I N  ( 3 ) 
Av e r ag e Five D ay 
Wa s t e P ro du c ing D i s charg e BOD 
Wa s t e  P ro duc e r  L o c a t i on _ _  A c t i v i ty ___ (gpd )  ( mg/1 ) Tr e a tmen t 
A l c e s t e r  Lo c k e r s  Al c e s t e r  
L ar s on ' s Lo c k e r  Arl ing t on 
Bibby - K a l l emeyn D a i ry Bro ok ing s 
Mob i l O il Comp any I - 29 n e ar 
Brook ing s 
3M P l ant Bro o k in g s  
S . D . s . u .  D a i ry Bro ok ing s 
S . D . S . U .  Me a t L ab . Brook ing s 
Art z L o cker S e rv i c e  Bro ok ing s 
D i ck ' s D a i ry Bry an t  
S o . Dak . Phe a s an t  C o . C an t on 
C an t on Lo ck e r s  C an t on 
S l aught e r and 
M e a t  P r o c e s s ing 
Unknown Unknown C i ty Sys t em 
S l augh t e r  and 
Me a t  P ro c e s s ing 
Unkn own Unknown C i ty Sys tem 
M i lk P ro c e s s ing 
Tru ck S top and 
Re s t aur an t  
700 41 5 C i ty Sy s t em 
500 Unknown Sep t i c  Tank , 
T i l e  Fi e l d  
Manuf a c ture 2 , 940 , 000 
M e d i c al an d 
D en t al Pro du c t s  
M i l k  P r o c e s s ing 
Sl augh t e r  and 
M e at P ro c e s s ing 
S l aught er and 
Me at P ro c e s s ing 
3 , 000 
1 , 550 
4 , 000 
350 C i ty Sys t em 
1 , 320 
2 , 400 
2 , 420 
C i ty Sys t em 
Ci ty Sy s t em 
C i ty Sys t em 
Unknown Unknown Unknown C i ty Sys t em 
C i ty Sys t em P oul t ry P ro c e s - N egl i g i b l e 
s ing 
S l augh t e r  and N e g l i g i b l e  
M e a t  P r o c e s s ing 
C i ty Sy s t em 
Swe eny ' s  L o ck e r s  C a s t l e wo o d  S l aught e r  an d 
Me a t  P r o c e s s ing 
Unknown Unkno wn C i ty Sys t em 
F a i rf i e l d  P r o du c t s  
C o .  
Cl ark P o t a t o  P ro c e s ­
s ing 
Unkn own Unknown S t ab i l i z a t i on 
P ond 
-lo 
-r=-
w 
P a r t  2 :  ( C on t inu e d )  
Wa s t e P r o d u c e r  
Be l l e r ' s  L o c k e r s  
Hul s e ' s  Fo o d s  
Fo s t e r ' s  Lo cke r s  
Sk e l ly Tru c k  S t op 
P ark ' s Lo cke r s  
L . G . Eve r i s t , I n c . 
Farme � ' s  C re ame ry 
A s s n .  
Av e r ag e  Fi v e  D ay 
W a s t e Produ c ing D i s ch arg e BOD 
L o c a t i on A c  t i  v .i. ty �--�lgp<!L_ (mgL_1J _ _ TR_�a t_f!len t 
C l ark C � s t om S l aught - Unkn o wn 
e r ing 
C l e a r L ak e  S l aughe r an d Unkno wn 
M e a t  P r·o c e s s ing 
C o lman S l augh t e r  an d Unkn own 
M e a t P r o c e s s ing 
I - 2 9  n e ar T ru c k  S t op and Unknown 
Colman R e s t au r an t  
D e l l  R ap i d s  S l aught e r  and Unkn own 
Me a t  P ro c e s s ing 
D e l l  R ap i d s  Gr ave l Wa sh ing 
and Quarrying 
D e l l  R ap id s Milk P ro c e s s ing Unkn own 
C i ty Sy s t em 
Unkn own C i ty S y s t em 
Unkno wn C i ty S y s t em 
S e p t i c  t ank , 
t i l e  :f i e l d  
Unkn own C i ty Sy s t em 
23 S e t t l ing P on d s , 
B i g  S i o ux R i v e r  
C i ty Sy s t em 
D e  Sme t Ren de r ing C o . D e  Sme t R e nde r ing Op e r ­
a t i on 
7 0 , 000 Unknown None 
P e s chl L o c ke r s  
El k t on L o c k e r  
E s t e l l in e  C o op . 
C r e amery 
D i c k ' s D a i ry 
D e  Sme t 
Elk t on 
E s t e l l in e  
Es t e l l ine 
S l augh t e r  an d Unkno wn 
M e a t  P ro c e s s ing 
S l augh t e r  and Unkn own 
M e a t  P ro c e s s ing 
M i l k  P r o c e s s ing Unknown 
Milk P ro c e s s ing Unkn own 
Unknown C i ty Sys t em 
Unkn own C i ty Sy s t em 
C i ty Sy s t em 
C i ty Sy s t em � 
t-= 
P ar t  2 :  ( C on t inue d ) 
W a s t e  P r o du c e r· 
Fl an dr e au Lo c ker 
L o c a t i on 
F l andre au 
G ar r e t s on 
G arr e t s on 
Hud s on 
Av e r ag e  F i v e  Day 
Wa s t e  P ro duc ing D i s charg e BOD 
A c t i v i ty ( gpd ) __ lmg/1_}_ _ _'I1I?_e atm e n t 
S l aught e r  and Unkn own Unknown C i ty Sy s t em 
P r oduc e  
Me a t  P r o c e s s ing Unknown 
M i l k  P ro c e s s ing Unknown 
Me a t  P r o c e s s ing Unknown 
C i t y  Sy s t em 
C i ty Sy s t em 
G o d.b e y ' s  Lo ck e r s 
Garre t s on D a i ry 
Smi th L o c k e r· s  
L ake N o r den C o op 
C r e ame ry 
Lake Norden M i l k  P ro c e s s ing Unknown 
No Info rmat i on 
C i ty Sy s t em 
L ak e  P r e s t on C o op . 
C re ame ry 
L ak e  P r e s - M i l k  P ro c e s s ing Unknown 
t on 
L ar s on ' s M arke t L ak e  P r·e s ­
t on 
Farm e r s  C o op . C r e ame ry Madi s on 
Foremo s t  D a i ry M ad i s on 
Wenk ' s P r o duc e and Mad i s on 
Cold  S torage 
R o s lyn Me at Marke t Ro s lyn 
Ro s lyn C r e ame ry R o s lyn 
S in a i  L o c k e r  S e rv i c e  S ina i 
S ioux Fal l s  
Indu s tr i e s·!'� 
S l aught e r  an d Unknown Unkn own 
Me a t  Pro c e s s ing 
M i l k P r o c e s s ing Unkn o wn  
Mi lk Pr o c e s s ing Unkn own 
P oul t ry P r o c e s - Unknown 
s ing 
S l aught e r  and Unknown Unknown 
Me at Pro c e s s ing 
M i l k  P r o c e s s ing Unknown 
S l aughter and Unknown Unknown 
Me a t  P ro c e s s ing 
C i ty S y s t em 
C i ty Sy s t em 
C i ty Sy s l; em 
C i ty Sy s t em 
C i ty S y s t em 
C i ty Sy s t em 
C i ty Sys t em 
C i ty Sys t em 
� 
..;::­V1 
P ar t  2 :  ( C on t inue d )  
A v e r age F i v e  D ay 
Wa s t e P r o du c ing D i s charge BOD 
1=2 W�s te  P ro duc e r  Lo c at i on Act ivi ty (gpd )  (mg/1 ) Tre a tm e r. t  
Er o s  D at a  C en t e r  N e ar S ioux Pho t o  F i n i sh ing 
F a l l s  
L awr en c e  P ower P l an t  N e ar S i oux El e c . P owe r 
Fal l s  G e n e r a t i on 
P a thf ind e r  Gen e r a t ing N e a r S i oux El e c . P owe r 
P l an t  F a l l s Gen e r a t i on 
S ou th Sho re C o op . 
C r e amery 
S outh Sho r e  M i l k  P r o c e s s ing 
S outh Shore L o c k e r s  
S k e l ly O i l  Co . 
South Shore Me a t  P ro c e s s ing 
I - 29 a t the Tru c k  S t op and 
T e .a  Exi t R e s t E.ur an t  
V o lga C o op C r e ame ry Vo lg a 
W a t e r t own Rende r ing W a t e r t o wn  
C o . 
W a t e r t own P o t at o  C o . Wa. t e rt own 
Rog e r ' s D a i ry W a t e r t own 
D ako t a  P l a s t i c s  W a t e r t own 
R indahl Cons t .  C o . Wa t e r town 
Minn . -Dak . Egg C o . 
Web s t e r  Cre am e ry 
Up t on Lo c k e r s  
Wa t e r t own 
Web s t e r  
Web s t e r  
M i lk Dry ing 
P l an t  
R end e r ing Op e r ­
a t i on 
Fo o d  P ro c e s .3 ing 
M i l k  P ro c e s s ing 
Unkn ovm 
Gr ave l  Wa shing 
P oul try P r o c e s ­
s ing 
M i l k  Pro c e s s ing 
Me at P r o c e s s ing 
7 0 , 0 0 0  Unknown A e r at e d  P on d s  
235 , 00 0  
6 00 , 000 
Unkn own 
Unknown 
Unkn own 
4 C o o l ing T owe r s  
1 2 . 5  C o o l ing Towe r s  
C i ty Sy s t em 
C i ty Sy s t em 
S t ab i l i z a t i on 
P ond 
Unknown C i ty S y s t em 
5 0 , 0 0 0  Unknown S e t t l ing P on d s  
Unknown C i ty Sys t em 
Unknown C i ty Sys t em 
Unknown C i ty Sys t em 
Unkn own S e t t l ing P onds 
Unkn own 
Unknown 
Unkn own 
C i ty Sys t em 
C i ty Sy s t em 
C i ty Sys t em 
� 
� (j' 
P ar t  2 :  ( Con t inue d )  
Av e r age Five D ay 
W a s t e P r o du c ing D i s charge BOD 
Wa s t e P ro du c e r  L o c a t i on A c t i v i ti (gpd. ) (mg/1 l Tre a tm e n t  
L ake R e g i on D a i ry Web s t e r  M i lk P ro c e s s ing Unkn own C i ty Sy s t em 
Whi t e  Lo ck e r s  Whi t e  S l aught e r  an d Unknown Unkn own C i ty S y s t em 
Me at P ro c e s s ing 
J a ck ' s Lo cker W i l l ow Lake S l augh t e r  and Unknown Unknown C i ty Sy s t em 
Me a t  Pro c e s s ing 
D i c k ' s D a iry W i l l ow L ake M i l k  P ro c e s s ing Unkn own C i ty Sy s t em 
Sko v ly Locker·s  Worthing Me at P r o c e s s ing Unknown C i ty Sy s t em 
·:!-- S i oux Fa l l s  indu s t r i e s w e r e  no t cove r e d  he r e  due t o  the f a c t tha t the s c op e of 
the s e  p o in t  s our c e s me r i t  an indep enden t s tudy . 
...ai. 
+:­
-.l 
